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PREFACE. 

The  arrangement  adopted  in  this  volume  is  that  which  I 
have  followed  in  my  lectures  during  the  last  few  years. 
My  endeavour  has  been  to  render  this  work  as  complete 
a  record  as  possible  of  the  present  state  of  organic  che- 
mistry, which,  owing  to  the  rapid  and  brilliant  develop- 
ment of  this  branch  of  science,  is  a  somewhat  difficult 
task. 

Of  the  immense  number  of  organic  compounds  now 
known,  only  those  have  been  described  which  have  either 
a  special  theoretical  interest  or  are  of  importance  in 
medicine  or  the  arts. 

My  best  thanks  are  due  to  my  friend,  R.  S.  Dale,  B.A., 
for  the  aid  he  has  rendered  me  in  writing  this  book. 

C.   SCHORLEMMER. 

December  187S, 
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THE   CHEMISTRY   OP   THE   CARBON 

COMPOUNDS. 


INTEODUCTION. 

Cabbon  is  one  of  the  most  widely  distributed  elements  occurring  on 
our  planet  In  the  'free  state  it  is  found  in  two  allotropic  modifications, 
as  Oraphite  and  as  Diamond.  In  combination  with  oxygen,  it  occurs 
as  Carbon  Dioxide,  forming  a  small  but  normal  and  important  con- 
stituent of  our  atmosphere,  whilst  Carbonates  are  met  with  in  all 
geological  formations,  often  in  immense  layers,  sometimes  forming 
whole  mountain  chains. 

Far  more  numerous  and  varying,  however,  are  the  carbon  compounds 
existing  in  the  bodies  of  plants  and  animals,  carbon  bein^  the  most 
0  characteristic  and  important  constittLcnt  of  all  organisms.  When  any 
organized  structure  is  heated  out  of  contact  with  air,  carbon  is  left 
behind  in  the  form  of  porous,  amorphous  charcoal  Animal  and 
v^etable  substances  are  the  chief  sources  from  which  other  carbon 
compounds  are  prepared,  and  the  number  of  these  is  so  great  as  to 
far  exceed  the  compouncU  of  the  other  elements  taken  together :  more- 
over, new  ones  are  being  daily  brought  to  light. 

By  far  the  largest  proportion  of  the  carbon  compoimds>  and  chiefly 
those  occurring  ready  formed,  contain  only  a  few  elements ;  most  of 
them  being  formed  by  the  union  of  carbon  with  hydrogen  and  oxygen ; 
many  also  contain  nitrogen ;  some  only  carbon,  hydrogen,  and  nitrogen, 
whilst  others  consist  only  of  carbon  and  hydrogen* 

The  substances  of  which  the  bodies  of  plants  and  animals  are  built  up, 
as  well  as  most  of  the  compounds  that  can  be  obtained  from  these 
by  chemical  changes,  exhibit  certain  peculiarities,  enabling  us  to 
distinguish  them  easily  from  mineral  bodies.  Formerly  chemists 
believed  that  the  cause  of  this  difference  was,  that  life  was  necessary 
to  their  formation,  and  that  there  existed  an  essential  difierence  between 
oiganic  and  inorganic  bodies.  Hence  chemistry  has  been  divided  into 
oiganic  and  inorganic  chemistry.     At  that  time  it  was  understood 
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both  how  to  decompose  mineral  compounds  into  their  elements,  and 
also  how  to  build  them  up  again.  With  organic  bodies,  however,  it 
was  not  so ;  whilst  their  composition  could  easily  be  ascertained,  their 
synthesis  was  found  to  be  surrounded  by  difficulties  so  great  as  to 
appear  insurmountable,  and  hence  it  was  assumed  that  the  elements 
present  in  living  bodies  obeyed  laws  entirely  different  from  those 
which  rule  inanimate  nature.  It  was  said  that  organic  bodies  might 
be  changed  into  other  organic  compounds,  but  that  it  was  impossible 
to  prepare  any  such  body  by  synthesis. 

The  further  development  of  chemistry  has  shown,  however,  that 
such  views  were  erroneous,  and  as  soon  as  a  clearer  insight  into  the 
chemical  constitution  of  organic  compounds  was  gained,  methods  were 
found  by  which  compounds,  which  hitherto  had  only  been  formed  by 
the  process  of  life,  could  be  built  up  from  their  constituent  elements. 

There  exist,  however,  certain  organic  substances  possessing  a 
structure  essentially  different  from  that  of  any  inorganic  body.  This 
organized  structure,  which  is  the  sole  and  direct  product  of  life,  is  seen 
in  the  simple  cell,  the  germ  of  all  living  organisms.  This  cannot  be 
artificially  prepared,  whereas  liquid  and  ciystelline  organic  compounds 
have  been  produced  by  synthetical  methods  in  such  numbers  that 
there  can  hardly  be  any  doubt  that  all  of  them  can  be  built  up  from 
their  elements. 

We  have  now  come  to  the  conviction  that  the  same  chemical  laws 
rule  animate  and  inanimate  nature,  and  that  the  distinctive  behaviour 
which  the  compounds  formed  by  the  vital  process  exhibit,  depends 
only  on  the  fact  that  they  are  carbon  compounds.  The  cause  of  their 
peculiar  properties  is  consequently  to  be  looked  for  in  the  chemical 
nature  of  carbon  itself,  and  we  must  therefore  first  enter  upon  tlie 
study  of  the  chemical  properties  of  this  element,  and  compare  them 
with  those  of  the  other  elements. 
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QUANTIVALENCE  OF  THE  ELEMENTS. 

Chemical  Nature  of  Cabbon. 

Elements  combine  either  in  the  proportion  of  their  combining 
weights  or  in  simple  multiples  of  them.  To  explain  this  fact,  we 
assume  with  Dalton  that  matter  is  made  up  of  small  particles,  which 
are  chemically  indivisible  and  are  therefore  called  chemical  atoms.  Of 
these  atoms  there  exist  as  many  kinds  as  there  are  elements.  Simple 
bodies  consist  of  the  same  kind  of  atoms,  all  of  which  have  the  same 
weight,  whilst  the  atoms  of  different  elements  possess  different  weights. 
The  ratio  existing  between  these  different  weights  is  expressed  by  the 
combining  weights  of  the  elements,  which  are  hence  also  called  aiomic 
noeights.  By  two  or  more  heterogeneous  atoms  being  joined  together, 
a  chemical  compound  is  formed.  The  smallest  particle  of  such  a 
compound  consists  of  a  coalition  of  atoms,  only  capable  of  destniction 
by  chemical,  not  by  mechanical  means,  and  &is  is  called  a  molecule. 
The  smallest  portion  of  a  simple  body  also  consists  of  a  group  of 
atoms  or  a  molecule,  not  mechanically  divisible. 

As  our  unit  for  the  atomic  weights,  we  use  that  of  hydrogen; 
its  molecule  consisting  of  two  atoms.  The  same  element  also  serves 
as  the  unit  for  the  density  of  gases  and  vapours.  It  has  now  been 
found  that  the  densities  of  all  gases  and  vapours  are  equal  to  half 
their  molecular  weights,  and  that,  consequently,  equal  volumes  of 
different  gases  always  contain  the  same  number  of  molecules,  or  that 
any  molecule  in  the  gaseous  state  occupies  the  same  space  as  two 
parts  by  weight  of  hydrogen. 

When  a  chemical  change  occurs,  certain  atoms  contained  in  different 
molecules  replace  each  other.  Formerly  it  was  believed  that  one  atom 
always  chained  place  with  another,  but  we  now  know  that  this  is 
not  the  case,  but  that  one  atom  of  a  certain  element  often  replaces 
two,  three,  or  four  atoms  of  other  elements.  Hence  the  atoms  of 
different  elements  differ  in  their  quantivalence. 

Hydrogen  is  distinguished  amongst  all  the  elements  by  its  formui^ 
the  most  simple  compounds,  and  for  this  reason  this  element  is  best 
adapted  for  ascertaining  the  quantivalence  of  other  elements,  of  which 
those  forming  volatile  hydrides  can  be  divided  into  tour  groups  : — 

Hvilm0»n  Hydrotfen  Hydrogen  Hydrogen  Hydrogen 

Hydrogen.  Chloncle,  Bromide.  Iodide.  Fluoride. 


H 
H 


I  ^l                 ^l                ^X  ^X 

I  CI/                Brj                   Ij  Fj 

iin../^.                      Hydrogen                   Hydrogen  Hydrogen 

^"^'                     Sulphide.                    Solenide.  Tellunde. 

g}0                g}s                 |}Se  gJTe 
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Ammonia. 

HV-N 


Hydragen 

HVSb 


Each  molecule  of  the  compounds  of  the  first  group  contains  one 
atom  of  hydrogen  combined  with  one  atom  of  another  element ;  the 
elements  of  the  second-  group  unite  with  two  atoms  of  hydrogen ;  in 
the  third  group,  each  element  requires  three,  in  the  fourth  group  four, 
atoms  of  hydK^en  to  form  a  molecule. 

The  same  rdations  hold  good  when  these  different  elements 
combine  with  chlorine,  or  another  member  of  the  first  group,  instead, 
of  with  hydrogen. 


Chlorine  Monoxide. 

Hypochlorons  Acid. 

Hypobromons  Add. 

Cl/" 

Clin 
H  f" 

5}o 

Phoephonu 
Trichloride. 

Arsenic 

Antimony 

Tribromide. 

Trichloride. 

Cl) 
CIJ-P 

cij 

Br) 

cii 

Br  J.  As 

Cl^Sb 

Brj 

Clj 

Carbon 

Methyl 

Silicon 

Tetrachloride. 

Iodide. 

Tetrachloride. 

Cl\ 

H"i 

Cl\ 

Cl(f, 

1     0 

g  « 

Cl) 

l) 

Cl) 

Those  elements  which  do  not  combine  with  hydrogen  may  also  be 
divided  into  such  groups  by  comparing  the  compounds  which  they  form 
with  chlorine  or  other  elements  of  the  first  group. 


Potaffsinm 

Sodinm 

saver 

Chloride* 

Iodide. 

Bromide. 

S} 

K.J 

Agf 
Brj 

Calciam 

Zinc 

Iodide. 

Chloride. 

Bromide. 

gh 

£}^ 

5}Mg 

Boron 

Bismuth 

Gold 

Chloride. 

Chloride. 

Chloride. 

en 

Cl) 

Cl) 

ClVBo 

Cl>-Bi 

ClVAu 

Clj 

ClT 

ClT 
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Platinum 
Chloride. 


Thus  all  the  elements  may  be  divided  into  different  groups,  according 
to  their  power  of  combining  with  or  replacing  hydrogen.  Those 
which  combine  with  this  element  atom  for  atom  are  termed  univcUent 
elements  or  monads.  Those  of  the  second  group  are  bivalent  or  Dyads, 
each  atom  of  them  requiring  two  monad  elements  to  form  a  molecule. 
The  elements  of  the  nitrogen  group,  as  well  as  boron  and  gold,  are 
trivalent  or  Triads ;  and  carbon,  silicon,  titanium,  tin,  and  platinum,  are 
qicadrivalent  elements  or  Tetrads. 

Monad  elements  form  with  one  another  only  few  and  simple  com- 
pounds, whilst  the  compounds  of  the  other  groups  are  much  more 
numerous  and  complicated.  Thus  chlorine  and  hydrogen  combine 
only  in  one  proportion,  whilst  oxygen  and  hydrogen  form  two  com- 
pounds ;  of  oxygen  and  chlorine  we  know  three  compounds ;  and  of 
oxygen,  chlorine,  and  hydrogen,  as  many  as  five  compounds. 

In  hydrochloric  acid  the  combining  capacity  of  hydrogen  is  satu- 
rated by  chlorine,  but  if  one  atom  of  hydr(^en  enters  into  combination 
with  one  atom  of  oxygen,  only  half  the  combining  capacity  of  the 
latter  element  is  saiurated,  and  the  other  half  can  not  only  be  saturated 
by  hydrogen  or  by  chlorine,  but  also  again  by  another  atom  of  oxygen ; 
but  in  the  latter  case  again  one  of  the  combining  units  of  oxygen  is 
left  free,  and  in  order  to  form  a  closed  molecule  must  be  combined 
with  a  monad  element.  The  constitution  of  the  oxides  of  hydrogen 
and  the  oxides  and  acids  of  chlorine  is  illustrated  by  the  following 
graphical  formula  :— 


H-O-H 
H-O-O-H 

CI  -  0  -  CI 

CI -0-0-0- CI 

CI -0-0-0-0- CI 

Cl-H 

CI  -  0  -  H 

CI  -  0  -  0  -  H 

Cl-0-O-O-H 

Cl-0-O-O-O-H 

In  a  similar  manner  we  can  explain  the  existence  of  the  different 
sulphides  of  potassium  and  the  acids  of  phosphorus : — 

K-S-S-K 

K-S-S-S-K 

K-S-S-S-S-K 


Water 

Hydrogen  Dioxide 

Chlorine  Monoxide 
Chlorine  Trioxide  . 
Chlorine  Tetroxide 

Hydrochloric  Acid 
Hypochlorous  Acid 
Chlorous  Acid  .  . 
Chloric  Acid  .  . 
Perchloric  Acid 


6  THE  CHBMISTEY  OF 

/H 

Hypophosphorous AcidH  —  0  —  0-  ^\h; 

Phosphorous  Acid      .  H  —  0  —  0  —  PC.jt 

Phosphoric  Acid    .     .  H  —  0  —  0  —  P  ^q  ~  -a 

It  is  thus  seen  that  the  atoms  of  a  polyvalent  element  have  the 
property  of  combining  with  each  other  in  different  proportions.  Thi^ 
property  is  also  possessed  by  carbon,  but  in  a  much  greater  extent ;  for 
whilst  in  the  case  of  other  elements  the  number  of  atoms  uniting  in 
this  way  is  very  limited,  we  find  it  most  characteristic  of  tetrad  carbon^ 
that  a  very  large  number  of  atoms  can  combine  vrUh  each  other 
to  form  groups  a/iting  in  a  greai  number  of  reactions  like  a  single 
aiom. 

But  carbon  possesses  another  peculiarity  in  common  with  no  othei 
element ;  all  the  units  of  combining  capacity  in  such  a  group,  which  are 
not  saturated  by  carbon  itself  can  be  saturated  with  hydrogen. 

Thus,  whilst  most  of  the  metals  do  not  combine  with  hydrogen 
at  all,  and  the  non-metallic  elements  only  form  one,  two,  or  at 
the  most  three  compounds  with  hydrogen,  we  find  that  there  exists 
a  great  number  of  hydrocarbons,  which  is  daily  increased  by  new 
discoveries. 

The  hydrocarbons  are  not  only  the  most  simple  of  the  carbon 
compounds,  but  from  a  theoretical  point  of  view  are  also  the  most 
important,  because  all  the  other  carbon  compounds  can  be  regarded  as 
derivatives  of  them,  and  as  being  formed,  by  hydrogen  being  replaced 
by  other  elements.  Thus  a  considerable  number  of  compounds  found 
in  nature  can  be  prepared  artificially  from  hydrocarbons,  and^  on  the 
other  hand,  as  soon  as  the  constitution  of  a  certain  compoimd  is  under- 
stood, we  are  in  a  position  to  convert  it  into  the  hydrocarbon  from 
which  it  has  been  theoretically  derived.  In  most  of  these  compounds 
a  part  of  the  hydrogen  is  replaced  by  oxygen  or  by  the  monad  group 
Hydroxyl  HO,  and  in  others  by  nitrogen,  or  the  monad  group  NH2- 

However,  all  the  other  elements  can  be  artificially  introduced  into 
carbon  compounds,  but  there  are  only  a  few  cfiwes  in  which  all  the 
hydrogen  can  be  substituted.  Thus,  the  number  of  carbon  chlorides 
is  very  much  smaller  than  that  of  the  hydrocarbons ;  with  oxygen, 
carbon  forms  only  two  compounds,  the  monoxide  CO  and  the  dioxide 
CO2 ;  and  with  nitrogen  it  only  combines  in  one  proportion  to  form 
cyanogen,  C^^^  From  this  it  follows  that  the  great  majority  of  carbon 
compounds  always  contains  hydrogen ;  that  there  is  present  in  them  a 
residue  of  the  original  hydrocarbon. 

We  may  therefore  define  that  part  of  our  science  which  is  generally 
known  as  Organic  Chemistry  as  :  The  Clumistry  of  the  Hydrocarbons 
and  their  Derivatives, 
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CONSTITUTION  OF  THE  CARBON  COMPOUNDS. 

Carbon  is  a  tetrad  element :  its  most  simple  compound  is  marsh  gas, 
or  methane,  CH4.  Of  the  four  hydrogen  atoms  of  this  compound,  one 
after  the  other  can  be  replaced  by  other  elements.  For  instance,  if  they 
are  substituted  by  chlorine,  the  following  bodies  are  formed : — 

Metlmne.  ^oHde.  Chloride.  Chloroform.       TetS^^ride. 

CH^  CH3CI  CH^Cl^  CHCI3  CCl^ 

By  replacing  the  hydrogen  by  dyad  or  triad  elements,  we  obtain 
compounds  such  as —  , 

Carbon  Dioxide.  Carbon  Disolphide.  Hydrocyanic  Acid. 

COg  CS,  CNH 

When  two  atoms  of  carbon  unite  with  each  other,  we  have  as  the 
most  simple  case  two  of  the  eight  units  of  combining  capacity  saturat- 
ing each  other,  six  being  left  free,  and  thus  a  hexad  group  is  formed, 
from  which  the  hydrocarbon  C^Vl^  is  derived ;  by  linking  in  the  same 
manner  another  atom  of  carbon  to  the  hexad  group,  we  obtain  an  octad 
group,  &c.  The  constitution  of  such  groups  is  iUustrated  by  the  fol- 
lowing formulse  of  the  corresponding  hydrocarbons : — 

CH^  CjHg  CjHg  (^i^io 

H  H  H  H 

J  I  I  I 

H-C-H        H-C-H        H-C-H        H-C-H 

1:1  I  I 

H  H-C-H        H-C-H        H-C-H 

I  I        .  'I 

H  H-C-H        H-C-H 


i 


H-C-H 


We  are  acquainted  with  a  very  large  number  of  hydrocarbons  con- 
stituted in  this  manner,  forming  a  series  in  which  each  higher 
member  contains  one  atom  of  carbon  and  two  atoms  of  hydrogen 
more  than  the  preceding  one,  and  having  the  general  formulaB  GJi^-i-^ 

CH.  ....    Methane.  C^Hj^    .    .    Butane. 

C^a^      .     .     .     Ethane.  ^5^12    •     •     I'entane. 

CjHg      .    .    .    Propane.  ^^^u    •    •    Hexane. 

Parallel  with  this  series  there  run  other  series  containing  less 
hydro^iu 
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Csge 
aHg 


Series  Ca  Hin.  Series  Cb  Hib  -t. 

Ethene.  CgHg     .    .    Ethina 

Propene.  CjH^     .    .    Propine. 

Butene.  C^HI^    .    .    Butine. 


CcHo 


Pentene.  CgHg     .     .    Pentine. 

Hexene.  C^Hio    •    •    Hexine. 


To  explain  the  constitution  of  these  series  we  mast  assume  that 
two  or  more  carbon  atoms  are  linked  together  with  more  than  one  unit 
of  combining  capacity. 

Ethene.  Propene.  Ethine. 

CH,  CH-  CH 

II  II 


CHg  CH  CH 

CH3 

In  each  of  these  hydrocarbons  we  ean  replace  one  or  more  atoms  of 
hydrogen  by  other  elements  or  radicals,  and  therefore  each  forms  the 
starting-point  for  a  number  of  compounds  containing  the  same 
number  of  atoms  of  carbon  in  the  molecule.  If  we  replace  one  atom 
of  hydrogen,  the  compounds  thus  formed  contain  in  common  a  group 
of  atoms,  having  one  atom  of  hydrogen  less  than  the  original  hydro- 
carbon, and  acting  therefore  as  a  monad  radical,  as  the  hydride  of 
which  the  hydrocarbon  itself  may  be  regarded. 

By  acting  with  chlorine  on  the  hydrocarbons  of  the  first  series, 
hydrochloric  acid  is  formed,  and  the  hydrogen  thus  removed  is  replaced 
by  chlorine.  By  the  replacement  of  one  atom  of  hydrogen,  the  fol- 
lowing series  of  chlorides  of  monad  radicals  is  obtained : — 

CH.Cl      .    Methyl  Chloride.         C.H^Cl      .    Butyl  Chloride. 
CXCI     .    Ethyl  Chloride.  C^HnCl     .    Pentyl  Chloride. 

CjH^Cl     .    Propyl  Chloride.  C^HuCl     .    Hexyl  Chloride. 

In  the  same  way,  by  substituting  bromine  or  iodine  for  hydrogen, 
we  obtain  series  of  bromides  and  iodides. 

Dyad  oxygen  or  triad  nitrogen  cannot  replace  one  atom  of  hydrogen, 
but  the  monad  groups  OH  and  NHj  can  do  this.  In  the  former  case 
we  obtain  a  series  of  important  compounds  which  are  the  hydroxides 
of  monad  radicals  and  are  called  alcohols,  and  in  the  latter  case 
compound  ammonias  or  amines  are  formed.  Like  the  hydrocarbons, 
the  chlorides,  &c.,  these  new  series  consist  of  a  number  of  compounds, 
each  differing  from  the  preceding  by  the  addition  of  CHg.  Such 
series  are  called  homologous.  Compounds  are  called  homologous  when 
they  have  an  analogous  constitution  and  differ  in  their  composition  by 
CH2  or  a  multiple  thereof. 

Homologous  Series  of  Alcohols.  Homologous  Series  of  Amines. 

CH.  .OH       Methyl  Alcohol         CH-.NH-        Methylamine. 
CgHj  .  OH       Ethyl  Alcohol.  C^ .  NHg      Ethylamine. 

C3H7  .  OH       Propyl  Alcohol.         CjH^ .  NHg       Propylamine. 
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Homologous  Series  of  Alcohols.  Homologous  Series  of  Amines. 

C^Hg  .  OH       Butyl  Alcohol.  C^H^  .  NH^      Butylaanine. 

C5H11 .  OH       Pentyl  Alcohol  CgHn .  NHg     Pentylamine. 

CgHjj .  OH       Hexyl  AlcohoL  C^Hij .  NHg     Hexylamine. 

The  oxygen  of  the  alcohols  may  be  replaced  by  sulphur  or  other 
dyad  elements,  and  the  nitrogen  of  the  amines  by  other  triads,  as 
phosphorus,  arsenic,  &c. 

In  the  alcohols,  two  atoms  of  hydrogen  are  easily  replaced  by  one 
atom  of  oxygen,  and  thus  the  following  homologous  series  of  mono- 
basic acids  is  formed : — 

COH .  OH     ,  Formic  Acid.  C^OH^ .  OH  .  Butyric  Acid. 

C2OH3 .  OH  .  Acetic  Acid.  CgOH^ .  OH  .  Valerianic  Acid. 

C3OH5 .  OH  .  Propionic  Acid.      CgOH^ .  OH  .  Caproic  Acid. 

These  acids  contain  the  group  hydroxyl  OH  combined  with  an 
oxygenated  radical,  which,  like  the  alcohol  radicals,  form  a  large 
number  of  compounds  such 


Acotaldehyde.  Acetyl  Chloride. 

C2OH3 .  H  C2OH3 .  CI 

Acetamlde.  Thiacetic  Acid. 

CgOH3.NH2  C^OHj.SH 

From  the  hydrocarbons  which  contain  less  hydrogen  than  those  of 
the  first  group,  similar  compounds  are  derived : — 

Propene.  AUyl  AlcohoL  Allyl  Chloride.  Allylamine. 

Cgg,  C^j.OH  CjHs.Cl  C,H,.NH, 

Acrylaldehyde.  Acrylic  Acid. 

C3OH3.H  C3OH3.OH 

Those  compounds,  in  which  two  atoms  of  carbon  are  linked 
together  by  more  than  one  of  their  combining  units,  possess  the 
characteristic  property  of  being  easily  transformed  into  compounds 
in  which  the  carbon  atoms  are  joined  together  in  as  simple  a  manner 
as  in  the  methane  series.  Thus  ethine  combines  with  hydrogen  to 
form  first  ethene,  which  hydrocarbon,  by  taking  up  another  molecule 
of  hydrogen,  is  converted  into  ethane : — 

CgHg  +  Hj  =  CgH^ 
CjH^  +  Hg  =  CgHg 

By  the  same  reaction,  allyl  compounds  yield  compounds  of  the 
propyl  series : — 

C3H5.OH     +H2-C3H..OH 
C3OH3 .  OH  +  Hj  =  C3OH5.  OH 

Such  compounds  combine  more  eeisily  still  with  the  elements  of 
the  chlorine  group : — 

C,H,  +  Gl,  =  C,H,C1,  C,H,  +  Br,  =  C,H,Br, 

The  hydrocarbons  of  the  ethene  series  behave  therefore  like  dyad 
radicaU;  their  chlorides,  &c.,  can  also  be  obtained  by  substituting 
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two  atoms  of  chlorine  for  hydrogen  in  the  members  of  the  methane 
series : — 

tj Propene 

P«>^^  Dichforide. 

CjHg  +  2CI2  =  CgH^Cl,  +  2HC1 

The  chlorine  or  bromine  in  these  compounds  can,  as  is  the  case 
with  the  chlorides  of  the  monad  radicals,  be  displaced  by  other  ele- 
ments or  radicals,  and  thus  we  obtain  alcohols,  amines,  &c.y  of  dyad 
radicals : — 

Ethene  Alcohol.  Ethene-diamine. 

^2^4  1  OH  ^«^*{nhJ 

If  two  atoms  of  chlorine  are  replaced  by  one  atom  of  oxygen,  the 
oxides  of  these  dyad  radicals  are  obtained,  and  by  the  substitution  of 
oxygen  for  hydrogen  in  the  alcohols,  acids  are  formed  containing 
oxygenated  dyad  radicals : — 

Ethene  Oxide.  Ethcnc  Alcohol.  GlycoUic  Acid.  Oxalic  Add. 

C^H^O  ^2^4-1011  ^'2^2^*1  OH  ^2^2 1  OH 

The  hydrocarbons  of  the  ethine  series  can  either  combine  with 
two  or  with  four  atoms  of  chlorine,  and  play  the  part  of  dyad  as  well 
as  of  tetrad  radicals. 

In  other  compounds  we  have  to  assume  the  existence  of  triad, 
pentad,  hexad,  &c.,  radicals.  Thus  glycerin  C8H5(OH)3  is  the  alcohol 
of  the  radical  propenyl  C3H5,  which  contains  three  atoms  of  hydrogen 
less  than  propane,  and  is  therefore  a  triad  radical  in  which  the  carbon 
atoms  are  linked  together  exactly  as  they  are  in  propane ;  whilst  in 
the  monad  radical  aUyl,  which  has  the  same  composition  as  propenyl, 
the  carbon  atoms  are  combined  in  the  same  manner  as  in  propene 
CgHg.  Propenyl  and  allyl  compounds  are  nearly  related  to  the  propyl 
and  propene  compounds,  and  from  a  member  of  one  group,  compounds 
belonging  to  another  group  may  be  easily  obtained,  llius,  by  the 
action  of  chlorine  upon  propane  the  chlorides  of  propyl,  propene,  and 
propenyl  are  formed : — 

C3II8+    C1,  =  C3H7C1  +HC1 
CgHg  +  2CI2  =  CgHeClj  +  2HC1 
C3H8  +  3CI2  =  C3H5CI3  +  3HC1 

When  propyl  alcohol  is  heated  with  sulphuric  acid,  propene  and 
water  are  produced : — 

C3H7.0H  =  C3H^  +  H20 

By  the  action  of  iodine  and  phosphorus  on  glycerin,  allyl  iodide  is 
formed : — 

OH 

OH  +  P  +  I  -  C3HJ  +  PO3H3 

OH  '    ' 
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All  compounds  in  which  the  carbon  atoms  are  linked  together  in 
the  same  manner  as  in  the  hydrocarbons  of  the  methane  series,  form 
one  large  group,  which  has  been  called  the  group  of  the  fatty  sub- 
stances,  because  most  of  the  monobasic  acids,  belonging  to  it,  occur  in 
vegetable  and  animal  fats ;  and  these  acids  form  a  homologous  series 
which  is  very  complete  and  has  been  long  known.  The  most  cha- 
racteristic property  of  the  members  of  this  group  is  that  they  undergo 
chemical  changes  principally  by  substitution,  i.e.  atoms  or  groups  of 
atoms  are  taken  out  and  displaced  by  others. 

A  second  group  includes  those  compounds  in  which  two  or  more 
atoms  of  can)on  are  linked  together  with  more  than  one  of  their 
combining  imits.  These  bodies  possess  the  characteristic  property  of 
combining  directly  with  hydrogen,  chlorine,  &c.,  and  thus  by  addition 
are  changed  into  compounds  belonging  to  the  first  group.  This  group 
is  usually  called  the  group  of  the  non-saturated  compounds,  a  term 
which,  however,  would  imply  that  these  bodies  contained  carbon 
atoms  with  free  combining  units,  an  assumption  which  for  several 
reasons  appears  improbable. 

Besides  these  two  groups  there  exist  other  groups  of  carbon  com- 
pounds, which  are  richer  in  carbon  than  the  fatty  substances,  but 
these  comport  themselves  in  most  of  their  chemical  metamorphoses 
like  the  latter,  and  only  in  a  few  cases  form  new  compounds  by 
addition,  which,  however,  always  contain  less  hydrogen  than  fatty 
bodies.  This  class  of  compoimds  is  again  subdivided  into  different 
groups,  the  best  known  of  which  is  that  of  the  aromatic  substances, 
this  name  being  derived  from  the  fact  that  many  of  them  are  found 
in  essential  oils,  balsams,  resins,  &c.  No  compound  belonging  to 
this  gix)up  contains  less  than  six  atoms  of  carbon,  the  most  simple 
hydrocarbon  of  the  group  being  benzene  C^H^  in  which  of  the  twenty- 
four  combining  units  of  carbon,  eighteen  are  taken  up  by  the  union 
of  carbon  with  carbon,  whilst  the  remaining  six  are  combined  with 
hydrogen,  thus : — 

HC— CH 

//      \ 
HC        CH 

\      / 
HC=CH 

This  linking  of  the  carbon  atoms  may  figuratively  be  expressed  by 
saying  that  they  are  joined  together  in  an  annular  or  closed  chain, 
whilst  in  the  fatty  and  the  non-saturated  compounds  they  form  an 
open  chain. 

All  hydrocarbons  contain  an  even  number  of  atoms  of  hydrogen;  this 
is,  as  it  will  easily  be  seen,  a  consequence  of  carbon  being  a  tetrad. 
From  this  fact  it  follows  further  that  the  sum  of  the  atoms  of  monad 
and  triad  elements  contained  in  the  molecule  of  a  carbon  compound  must 
also  always  be  an  even  number. 

The  observation  that  by  replacing  in  a  hydrocarbon  one  or  more 
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atoms  of  hydrogen  by  other  elements,  compounds  are  obtained  which 
contain  in  common  the  same  residue  of  the  original  hydrocarbon,  led 
to  the  theory  of  compound  radicals.  For  a  time  organic  chemisfciy 
was  defined  as  the  chemistry  of  the  compotmd  radicals.  This  definition, 
however,  does  not  hold  good,  because  a  great  number  of  inorganic 
compounds  also  contain  such  groups  of  atoms,  which  in  a  great 
number  of  reactions  remain  together,  and  act  as  compound  radicals. 
Thus  the  following  compounds  contain  the  radical  nitroxyl  N0« 
which  is  a  monad,  nitrogen  and  oxygen  being  combined  in  the  fof- 
lowing  manner : — 

Nitrous  Acid NOgH 

Nitric  Acid NO,.  OH 

Nitroxyl  Chloride      ....     NO.Cl 

The  dyad  radical  Sulphuryl  SO,  forms  the  following  compounds : — 
Sulphuryl  Chloride  .  «^   fCl 


Sulphur  Trioxide 
Hydrosulphurous  Acid 

Sulphurous  Acid  .    . 


Sulphuric  Acid 


Hyposulphurous  Acid 


so,{ 


CI 
SOj.O 

so,  {5 

«o.{8i 


Many  phosphorus   compounds  contain  the  triad   radical  Phos- 
phoryl  PO  :— 

Phosphoryl  Chloride     .    .    .    PO 
Hypophosphorous  Acid     .     .     PO  -<  H 

(oh 

Phosphorous  Acid    .    .    .    .    PO  •<  OH 

I  OH 

fOH 

Phosphoric  Acid PO  <  OH 

(OH 
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The  monad  group  Uranyl  UO  exists  in  a  number  of  uranium 
compounds : — 

Uranyl  Chloride UO  CI 

Uranyl  Nitrate UO  NO3 

Uranyl  Sulphate UO  "1  ^^* 

Uranyl  Sulphide UO  {^ 

Such  compound  radicals  are  nothing  hut  groups  of  atoms  which 
remain  unchanged  in  a  great  number  of  reactions,  and  so  far  act  like 
a  single  atom ;  it  is  therefore  quite  a  matter  of  indifference  whether 
compound  radicals  can  exist  in  the  free  state  or  not.  Thus  the 
monad  and  triad  alcohol  radicals  cannot  be  isolated,  but  dyad  and 
tetrad  radicals  exist  in  the  free  state,  as  for  example  the  hydrocarbons 
of  the  ethene  and  ethine  series. 

Whilst  in  a  great  number  of  metamorphoses  the  compound  radicals 
remain  tmaltered,  they  undergo  by  other  reactions  mamfold  changes. 
In  some  of  these  the  carbon  group  is  left  intact :  thus  ethyl  alcohol 
yields  by  oxidation  acetic  acid,  uie  radical  ethyl  CgH^  being  con* 
verted  into  acetyl  C^HjO : — 

C^H.)^  .  ^       C«H.O 


^|0  +  0,=:^*^«g|.0  +  H,0 


When  we  act  with  chlorine  upon  propyl  chloride,  the  monad  radical 
propyl  is  changed  into  dyad  propene : — 

CjEE^Cl  +  C\  =  CjH.Cl,  +  HCl 

The  dyad  radical  ethene  combines  with  hydroiodic  acid,  the  iodide 
of  monad  ethyl  being  formed : — 

C,H,  +  HI  =  C,H,I 

But  in  many  other  chemical  changes  the  group  of  carbon  atoms 
is  broken  up  into  two  or  more  fragments:  thus  by  heating  acetic 
add  with  an  excess  of  caustic  soda,  it  splits  up  into  carbon  dioxide 
and  methane : — 

C,H^O,-CO,+  CH^ 

By  the  action  of  the  galvanic  current,  succinic  acid  is  decomposed 
into  ethene,  carbon  dioxide,  and  hydrogen : — 

C.H^O,  =  C,H,  +  2C0,  +  H, 

Such  a  breaking  up  of  groups  of  carbon  atoms  takes  place  most 
easily  in  those  derivatives  of  hydrocarbons  in  which  hydrogen  has 
been  displaced  by  oxygen. 

On  the  other  hand,  by  joining  two  carbon  atoms  together,  we  are 
aUe  to  build  up  more  complicated  compounds  from  simple  ones. 
By  heating  methyl  iodide  with  zinc,  the  iodine  combines  with  the 
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metal  and  methyl  with  methyl,  and  we  obtain  ethane  or  ethyl 
hydride : — 

2CH3I  +  Zn  =  Znl,  +  C^H^ 

By  the  same  reaction  ethyl  iodide  yields  butane  or  butyl  hydride: — 

2C2H5I  +  Zn  -  Znljj  +  C^Hjo 

If  we  replace  the  chlorine  in  methyl  chloride  by  cyanogen  we 
obtain  acetonitril  CgHjN,  a  body  which  does  not  behave  like  a  com- 
pound of  cyanogen  and  methyl,  because  it  contains  the  two  carbon 
atoms  linked  together  exactly  in  the  same  manner  as  they  are  in  ethyl 
and  acetyl  compounds,  and  we  can  in  fact  easily  obtain  from  acetonitril 
other  ethyl  and  acetyl  compounds. 

By  these  and  other  similar  reactions  we  are  enabled  to  prepare  from 
compoimds  containing  only  one  atom  of  carbon  in  the  molecule,  others 
containing  a  great  number,  and  thus  to  build  up  whole  homologous 
series. 

The  existence  of  such  series  is  particularly  characteristic  of  the 
carbon  compounds.  The  chemical  character  of  the  different  series  of 
hydrocarbons  depends  on  the  manner  in  which  the  carbon  aioms  are  linked 
together,  whilst  the  physical  properties  of  each  member  depend  on  the 
number  of  carbon  atoms  it  contains.  This  nimiber  may  range  from 
one  to  thirty  or  more;  and  in  such  a  case  the  lowest  members  of 
the  series  are  often  gaseous  at  the  ordinary  temperature,  the  highest 
solid,  and  the  intermediate  ones  liquid  (the  boiling  point  rising  with 
the  increase  of  carbon  atoms).  They  nevertheless  all  resemble  each 
other  in  chemical  properties. 

If  we  now,  in  all  the  members  of  such  a  series,  replace  hydrogen  by 
chlorine  or  another  element  or  compound  radical,  we  obtain  other  lio- 
mologous  series,  the  members  of  which,  as  might  have  been  expected, 
possess  also  varying  physical  properties,  and  a  very  similar  chemical 
character. 

A  consequence  of  this  is,  that  whilst  the  proportionally  limited 
number  of  compounds  of  other  elements  allows  us  to  elucidate  the 
nature  and  composition  of  a  substance  by  a  few  reactions,  there  exist 
only  a  few  carbon  compounds  which  can  be  recognised  by  quali- 
tative analysis.  In  most  cases  it  is  necessary  to  obtain  the  compound 
to  be  examined,  in  a  perfectly  pure  state,  to  examine  its  physical  pro- 
perties, and  particularly,  when  the  body  is  volatile,  to  determine  its 
vapour  density ;  and  beyond  that>  not  only  to  study  its  chemical  pro- 
perties, but  also  to  find  its  exact  composition  by  quantitative  analysis. 

Newly  discovered  compounds  are  not  the  only  ones  which  require 
such  a  complete  investigation ;  in  many  cases  well-known  bodies  can 
only  be  identified  by  determining  their  quantitative  composition  and 
their  vapour  density. 

It  is  therefore  of  the  greatest  importance  to  be  well  acquainted 
with  the  methods  employed  for  the  ultimate  analysis  of  carbon  com- 
pounds and  those  in  use  for  the  determination  of  vapour  density. 
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ULTIMATE  ANALYSIS   OF  CAEBON  COMPOUNDS. 

Determination  of  Carbon  and  Hydrogen, — To  ascertain  the  pre- 
sence of  carbon  in  a  substance,  it  is  best  to  convert  it  into  carbon 
dioxide ;  most  compounds  of  this  element  are  combustible,  and  when 
a  sufficient  quantity  of  oxygen  is  present  the  whole  of  the  carbon  is 
oxidized  to  carbon  dioxide  and  the  hydrogen  to  water.  This  is  always 
the  case  if  the  substance  is  heated  to  redness  with  an  excess  of  copper 
oxide.  On  this  fact  Liebig  has  founded  a  method  for  determining  carbon 
and  hydrogen  quantitatively.  To  eflfectthis  analysis  by  combustion,  a 
tube  of  hard  Bohemian  glass  (Fig.  1  A  a)  is  used  which  is  about  50-60 
centimetres  long,  drawn  out  to  a  fine  closed  point  at  one  end  and  open 
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at  the  other.  One-fourth  of  the  tube  is  filled  with  freshly  ignited 
copper  oxide  and  well  mixed  with  a  weighed  quantity  (about  0*2  to  0*3 
grams)  of  the  substance  by  means  of  a  brass  wire,  one  end  of  which 
is  twisted  like  a  corkscrew  (b)  ;  more  oxide  is  now  added,  and  the 
brass  wire  is  well  cleaned  from  every  trace  of  adhering  substance  until 
the  tube  is  filled. 

The  tube  (c),  which  is  filled  with  pieces  of  porous  calcium  chloride, 
by  which  all  the  water  formed  in  the  combustion  is  completely 
absorbed,  is  now  attached  to  the  open  end  of  the  tube  by  means  of  a 
tightly  fitting  cork.  The  carbon  dioxide  passes  through  this  tube 
unabsorbed  into  a  concentrated  solution  of  caustic  potash  which  is 
contained  in  the  bulb  apparatus  (d)  and  connected  with  the  drying  tube 
by  a  piece  of  tightly  fitting  india-rubber  tubing  (e).  Both  absorption 
tubes  are  carefully  weighed  before  the  analysis. 

The  combustion  tube  is  now  placed  in  a  long  furnace  heated  either 
by  charcoal  or  gas.  After  the  whole  arrangement  has  been  found  to 
be  perfectly  air-tight,  the  part  of  the  tube  near  the  cork  which 
contains  only  pure  oxide  is  heated,  and  when  red-hot  the  portion  of 
the  tube  containing  the  substance  is  gradually  heated,  the  heat  being 
80  regulated  that  a  slow  evolution  of  carbon  dioxide  goes  on  until 
the  whole  of  the  tube  is  red-hot.  As  soon  as  gas-bubbles  cease  to 
enter  the  potash  apparatus,  and  the  potash  solution  begins  to  pass  back 
into  the  bulb  nearest  to  the  apparatus  (owing  to  the  absorption  of  carbon 
dioxide),  the  source  of  heat  near  to  the  drawn-out  end  is  removed,  the 
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point  of  the  tube  broken  off,  and  air  drawn  through  the  whole  appa- 
ratus by  means  of  an  indiarrubber  tube  fixed  to  the  end  of  the  potash 
bulbs.  This  operation  is  necessary  in  order  to  pass  the  aqueous 
vapour  and  carbonic  dioxide  filling  the  combustion  tube  into  the 
absorption  apparatus.  It  now  only  remains  to  weigh  the  absorption 
tubes  again,  the  increase  of  weight  giving  respectively  the  quantities 
of  water  and  carbon  dioxide  produced. 

If  the  solution  be  a  liquid,  it  is  weighed  in  a  little  sealed  glass  bulb 
drawn  out  to  a  fine  point.  A  little  copper  oxide  is  put  into  the  tube 
first,  then  the  bulb  with  the  point  broken  off,  and  afterwards,  the  tube 
being  filled  with  the  oxide,  the  combustion  is  conducted  as  before. 

Substances  rich  in  carbon  which  are  combustible  only  with  diflBl- 
culty,  are,  by  using  this  method,  often  incompletely  burnt ;  the  re- 
duced copper  gets  covered  with  carbon,  which,  not  being  in  contact 
with  the  oxide,  is  not  burned.  In  such  a  case  the  combustion  must 
be  finished  by  passing  a  current  of  pure  oxygen  through  the  apparatus, 
which  is  easily  effected  by  placing  a  little  fused  potassium  chlorate 
at  the  far  end  of  the  combustion  tube. 

Instead  of  the  method  just  described  another  is  now  generally 
employed,  which  is  to  be  recommended  on  account  of  its  greater  sim- 
plicity and  the  more  exact  results  obtained  (Fig.  2).  A  combustion 
tube  is  used  which  is  open  at  both  ends,  one  end  being  connected  with 
the  absorption  tubes  and  the  other  with  a  drying  apparatus  through 
which  either  dry  air  or  oxygen  can  be  passed.  The  part  of  the 
tube  near  the  chloride  of  calcium  tube  is  to  two-thirds  of  its  length 
filled  with  granulated  copper  oxide,  behind  which  the  substance  to  be 
analysed  is  placed  in  a  platinum  boat.  In  front  of  and  in  connection 
with  the  absorption  tubes  is  placed  an  aspirator,  in  order  to  ensure 
the  passage  of  the  products  of  combustion  through  the  absorption 
tubes,  and  to  prevent  them  by  any  chance  from  passing  into  the 
drying  apparatus.  After  the  copper  oxide  has  been  heated  to  redness 
the  substance  is  gradually  heated,  a  slow  current  of  air  being  passed 
at  the  same  time  through  the  apparatus  in  order  to  drive  the  products 
of  the  combustion  into  the  absorption  tubes.  As  soon  as  the  whole 
tube  is  red-hot  the  current  of  air  is  changed  for  one  of  oxygen,  by 
which  all  the  carbon  left  in  the  platinum  boat  is  completely  burned 
and  all  the  reduced  copper  re-oxidized. 

This  method  is  very  convenient,  as  after  each  combustion  the  appa- 
ratus is  exactly  in  the  same  state  as  it  was  before ;  and  as  soon  as  it  is 
cooled  down  a  new  combustion  may  be  commenced. 

If  the  body  to  be  analysed  contains  nitrogen,  a  coil  of  copper  is 
placed  in  the  fore  part  of  the  tube,  and  kept  red-hot  in  order  to 
decompose  any  oxides  of  nitrogen  which  might  be  formed.  Without 
this  precaution  they  would  be  absorbed  by  the  potash,  and  the  weight 
of  the  carbon  be  found  too  high. 

Compounds  containing  chlorine,  bromine,  or  iodine,  yield  on  com- 
bustion these  elements  in  the  free  state.  In  order  to  prevent  these 
getting  into  the  potash  bulb,  a  coil  of  copper  gauze,  or,  better  still,  a 
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spiral  of  silver,  is  placed  in  the  pait  of  the  tube  next  to  the  absorp- 


tion ^tparatos.    Instead  of  using  copper  oxide,  Bucb  bodies  may  be 
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burned  with  fused  and  finely-powdered  lead  chromate,  when  lead 
chloride,  &c.,  is  formed.  Lead  chromate  is  also  employed  for  the 
combustion  of  compounds  containing  alkali-metals  or  sulphur,  to 
avoid  the  formation  of  alkaline  carbonates  or  sulphur  dioxide. 

Determination  of  Nitrogen. — Most  carbon  compounds  containing 
nitrogen,  when  heated  with  caustic  soda,  yield  the  whole  of  this  ele- 
ment in  the  form  of  ammonia.  This  formation  of  ammonia  is  easily 
rendered  evident  by  heating  some  cheese  or  the  white  of  egg  with 
caustic  soda.  There  are,  however,  some  nitrogenous  bodies,  such  as 
certain  cyanogen  compounds,  which  are  not  acted  upon  at  all  by  caustic 
alkalies,  whUst  others,  such  as  indigo,  morphine,  quinine,  &c.,  give 
volatile  bases  containing  carbon.  There  exist  fiirther  certain  com- 
pounds, known  as  nitro-compounds,  which  are  artificially^  obtained 
by  the  action  of  nitric  acid  on  difTerent  carbon  compounds,  and 
which,  on  heating  with  caustic  alkalis,  give  either  no  ammonia 
or  only  a  part  of  the  nitrogen  in  this  form.  To  detect  nitrogen  in 
such  compounds  it  is  necessary  to  heat  them  with  metallic  sodiunL 
A  deflagration  takes  place  with  the  separation  of  carbon,  and  sodium 
cyanide  is  formed,  the  presence  of  which  is  easily  detected  by  treating 
the  residue  with  water,  and  adding  to  the  filtrate  first  a  solution  con- 
taining a  ferric  and  ferrous  salt  (a  solution  of  ferrous  sulphate  which 
has  been  exposed  to  the  air  answers  well  for  this  purpose),  and  then 
an  excess  of  hydrochloric  acid,  to  dissolve  the  oxides  of  iron,  whilst 
Prussian  blue  is  left  behind.  Very  small  quantities  of  nitrogen  can 
be  found  by  means  of  this  method.  In  this  case  the  liquid  appears 
green  after  the  addition  of  the  hydrochloric  acid,  but  after  standing 
for  some  time  blue  flakes  collect  together. 

For  the  quantitative  determination  of  nitrogen  two  methods  are  in 
use.  Compounds  which  give  oflf  all  their  nitrogen  in  the  form  of 
ammonia  are  heated  in  a  combustion  tube  (Fig.  3)  with  soda-lime, 
which  is  prepared  by  slacking  lime  with  a  solution  of  caustic  soda 
and  heating  the  powder  to  redness.  This  mixture  does  not  fuse  at  a 
red  heat,  and  thus  prevents  the  glass  from  being  destroyed.  The 
ammonia  formed  is  absorbed  by  hydrochloric  acid  contained  in  a  bulb 
apparatus,  and  its  weight  determined  by  adding  platinic  chloride  to 
the  solution  and  weighing  the  ammonium-platinic  chloride  (NH^Cl)^ 
-h  FtCL  thus  formed.  This  simple  and  exact  method,  which  was 
originally  proposed  by  Varrentrapp  and  Will,  can  also  be  employed 
for  such  substances  as  indigo,  quinine,  &c.,  since  the  volatile  bases 
yielded  by  these  compounds  are  compound  ammonias,  forming  with 
platinic  chlorides  also  double  salts,  which,  like  the  ammonium  salt* 
contain  two  atoms  of  nitrogen  for  each  atom  of  platinum.  But  in 
this  case  the  double  salt  is  not  weighed,  but  is  ignited,  and  tlie  quan- 
tity of  platinum  left  behind  determined.  It  is  safer  also,  when  only 
ammonia  has  been  formed,  to  find  the  weight  of  the  platinum  by 
ignition,  as  the  double  salt  may  have  volatile  carbon  compounds 
adhering  to  it. 

If  the  nitrogen  cannot  be  completely  converted  into  ammonia,  if 
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must  be  obtained  ia  the  free  stata.  To  effect  thia  the  compound  is 
burned  with  copper  oxide,  or,  better,  a  mixture  of  copper  oxide  and 
mercuric  oxide,  in  a  tube,  the  fore  part  of  which  ia  tiUed  with  red- 
hot  metallic  copper.  Previoue  to  the  combustion  all  the  air  must  be 
driven  out  of  the  apparatus,  which  ia  easily  done  hj  placing  aome 
magneeite  in  the  cliued  end  of  the  tube,  and  heating  it  until  all  the 
gas  given  off  is  completely  absorbed  by  caustic  poteab.  The  mixture 
of  nitrogen  and  carbon  dioxide  given  off  during  the  combustion  ia 


collected  over  mercury  in  a  wide  graduated  glass  tube,  and  the  nitrogen 
which  remains  in  the  combustion  tube  when  the  comhuation  is  finished 
also  driven  in  the  graduated  tube  by  heating  the  magnesite  again. 
After  absorbing  the  carbon  dioxide  by  caustic  potash,  the  volume  of 
the  remaining  nitrogen  is  read  ofT,  and  from  it,  measured  under  given 
circumstances  of  temperature  and  pressure,  its  weight  can  be  easily 
calculated. 

Determination  of  other  Elements. — Compounds  containing  chlorine, 
hromitu,  or  iodine,  are  heated  in  a  narrow  combustion  tube  with  pure 
canatic  lime.  After  cooling,  the  contents  of  the  tube  are  dissolved 
in  dilute  nitric  acid,  and  the  quantity  of  chlorine,  &c.,  determined  by 
precipitation  with  silver  nitrate.  Chlorine  may  also  be  converted 
into  silver  chloride  by  heating  the  substance  to  be  analysed  in  a 
sealed  glass  tube  wiUi  nitric  acid  and  silver  nitrate.  To  ensure 
complete  oxidation  it  ia  advisable  to  add  some  potassium  dichromate. 
There  exist  a  few  chlorine  compounds,  which  are  decomposed  by 
water,  with  the  formation  of  hydrochloric  acid ;  others  yield  the 
whole  of  the  chlorine  by  bringing  them  in  contact  with  water  and 
sodiam  amalgam.  From  ^ese  solutions  all  the  chlorine  is  pre- 
cipitated by  silver  nitrate. 

Sulphur  and  pho»pkonis  are  determined  by  heating  the  substance 
with  pure  nitre  and  sodium  carbonate,  or  by  oxidizing  it  wiUi  nitric 
acid  in  sealed  tubes,  sulphuric  or  phosphoric  acid  being  formed, 
which  are  estimated  by  known  method 

In  a  similar  way  boron,  silicon,  arsenic,  &c,  are  determined. 
Compounds  containing  metals  leave  on  ignition  the  metal  either  in  the 
free  state  as  silver,  gold,  platinum,  or  as  an  oxide  or  carbonate.  Some- 
times it  is  prsCarable  to  oxidize  the  compoimd  with  nitric  acid  or  with 
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a  mixture  of  nitre  ond  sodium  carbonate.  The  metallic  oompoundB 
thus  formed  are  converted  according  to  well-known  methods  of 
quantitative  analysis  into  compounds  fit  for  weighing. 

Oxygen  cannot  be  determined  directly,  but  its  quantity  is  always 
found  by  difference ;  by  subtracting  all  the  constituents  which  hav6 
been  directly  estimated  from  the  total  weight  of  the  substance  taken» 
the  difference  gives  the  weight  of  the  oxygen. 

Calculation  of  the  Anulj/sis, — In  order  to  compare  the  results  of 
different  analyses  the  percentage  composition  is  first  calculated 
as  follows : — 

(1)  01460  grams  of  hexane  yielded,  by  combustion  with  copper 
oxide,  0*4490  of  carbon  dioxide  and  0*2135  water. 

Now,  as  44  parts  by  weight  of  carbon  dioxide  contain  12  parts  of 
carbon,  we  find  the  weight  of  carbon  by  multiplying  by  H  or  ■^,  and 
the  weiglit  of  the  hydrogen  is  obtained  by  dividing  the  weight  of  the 
water  by  9.  The  following  equations  therefore  give  the  percentage  of 
carbon  and  hydrogen  in  hexane : — 

0-449  X  3  X  100  ___  Qo  o 

OiiG'xll      "    ^  ^^• 

0-2135  X  100         .^„ 

100  parts  of  hexane  consist  therefore  of — 

Carbon 838 

Hydrogen 16*3  .  ■. 

1001 

(2)  0*395  grams  of  acetic  acid  gave  0*580  of  carbon  dioxide  and 
0*235  of  water.     100  parts  contain  therefore- 
Carbon   40*0 

Hydrogen G'lJ 

As  these  numbers  do  not  add  up  to  100,  the  difference  must  be 
caused  by  the  presence  of  oxygen,  for  qualitative  analysis  has  shown 
that  acetic  acid  does  not  contain  any  other  elements  but  these  three, 
its  percentage  composition  is  therefore — 

Carbon 400 

Hydrogen 6*6 

Oxygen 53*4 

100*0 

(3)  The  analysis  of  caffeine,  an  organic  base  contained  in  coffee 
and  tea,  gave  the  following  results : — 

•    0*3827  of  substance  gave  on  combustion  with  copper  oxide  in  pre- 
sence of  metallic  copper  0*6948  of  carbon  dioxide  and  0*1800  of  water. 
0*1350  of  substance  was  heated  with  soda  lime,  and  the  ammonia, 
(or  compound  ammonia)  evolved  was  absorbed  by  hydrochloric  acid. 
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To  this  solution  platinic  chloride  was  added,  and,  after  evaporation  on 
a  water^bath,  the  excess  of  platinic  chloride  was  washed  out  with 
alcohol.     On  igniting  the  remaining  doable  salt,  0-2750  of  platinum 
was  left  behind.     Now  as  the  salt  (NH^  CI),  +  Pt  Cl^  contains  2  atoms 
or  28  parts  by  weight  of   nitrogen  for  each  atom  of  platinum,  or 
197o  parts  by  weight,  100  parts  of  caffeine  contain : — 
0-2750  X  28  X  100      ...     _.     ,    .^ 
0-1350-x  197-5     =*  2^'^  P^  "^  ""^S^"- 
If  we  calculate  the  percentage  of  carbon  and  hydrogen  as  above, 
we  find  the  following  percentage  composition  of  caffeine : — 

Carbon 49-5 

Hydrogen 62 

Nitrogen 289 

Oxygen lG-4  by  difference. 

1000 
The  methods  employed  for  detennimng  the  molecular  formula  from 
the  analytical  data  will  be  hereafter  explained.  If  the  substance  be  vola- 
tile, this  can  be  easily  done  by  the  determination  of  its  vapour  density. 


DETERMINATION  OF  THE  VAPOUR  DENSITY. 

Two  methods  are  employed  for  determining  the  vapour  density: 
we  ascertain  either  the  weight  of  a  given  volume  of  vapour,  or  wo 
find  the  volume  of  a  given  weight  of  vaponr. 

(I)  Dumai  method. — lu  the  first  pro- 
cess a  thin  glass  globe  is  employed  of 
150 — 300  cubic  centimetres  in  capacity, 
provided  with  a  neck  finely  drawn  out. 
Tie  exact  weight  of  this  globe  filled  with 
diy  air  having  been  found,  and  the  tem- 
perature during  the  weighing  noted,  5—10 
grams  of  the  substance  are  introduced,  and 
the  globe  then  heated  in  an  oil  or  parallin 
bath  (Fig  4)  to  a  temperature  at  least  30° 
above  the  boiling  point  of  the  substance. 
The  reason  for  this  is  that  vapours  obey 
the  laws  of-expansion  by  heat  and  bypres-_ 
sure  only  at  a  temperature  considerably  ^''■^■ 

above  the  boiling-point.  The  air  in  the 
globe  is  expelled  by  the  vapour  of  the  boiling  subsUiice,  and  as  soon 
as  vapour  ceases  to  issue  from  the  neck,  the  orifice  is  sealed  before 
the  blowpipe,  the  temperature  of  the  oil  bath  being  read  off  at  the 
^Kmf,  time.  After  cooling,  the  previously  well-cleaned  globe  is 
VBUcbed  again  and  the  sealed  point  broken  off  under  mercury,  which 
nubes  into  the  globe,  owing  to  the  condensation  of  the  vapour,  and 
completely  fills  it,  if  the  experiment  has  been  properly  conducte<l- 
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To  find  the  volume  of  the  mercury  which  now  fills  the  globe,  it  is 
pouied  into  a  graduated  cylinder,  and  thus  the  capacity  of  the  globe 
ascertained  From  the  numbers  thus  found  the  density  is  calculated 
as  follows ;  as  an  example  we  again  take  hexane : — 

Weight  of  globe  with  air  at  15-5°  =  23-449  grams 

Ditto        ditto    vapour  at  110°  =  23-720      „ 
Capacity  of  globe =  178  cb.  cul 

1  cb.  cm.  of  air  at  0°  weighs  0001293  grams  ;  178  cb.  cm.  at  15-5^ 

weigh  therefore— 

0-001293  X  178  x  273      ^^.^ 
288^5 "^'^^^• 

The  weight  of  the  vacuous  globe  is  therefore  23449  -  0218  =  23-231 
and  that  of  the  vapour  23*720  -  23231  =  0489. 

1  cb.  cm.  of  hydrogen  at  0**  weighs  000008936  grams,  and  178  cb. cm. 

at  110°  weigh— 

000008936  X  273  x  178      ^^.,o>i 
383 =^  ^'^^^^^ 

By  dividing  the  weight  of  the  vapour  by  this  number,  we  obtain  the 

vapour  density  of  hexane — 

'■^^l.  =  431, 


001134 

As  during  the  experiment  the  height  of  the  barometer  and  the 
temperature  of  the  air  do  not  change  at  all,  or  only  very  inconsiderably, 
corrections  for  pressure  and  temperature  are  only  necessary  when  a 
very  exact  determination  is  required,  which  is  however  never  the 
case  when  the  vapour  density  is  only  used  as  a  means  for  finding  the 
molecular  formula. 

Oay-Lussac's  metJtod. — A  high  narrow  bell-jar  (Fig.  5,  C)  divided 
into  cb.  cm.  is  filled  with  dry  mercury  and  inverted  into  an  iron  vessel 
(V)  containing  mercury.  The  substance,  of  which  only  about  a 
decigram  is  required,  is  weighed  in  a  very  small  and  thin  glass  bulb, 
or,  better,  in  a  little  tube  provided  with  a  well-ground  stopper,  and 
this  is  allowed  to  ascend  in  the  jar,  the  latter  being  surrounded 
by  a  wide  glass  cylinder,  which  is  open  at  both  ends  and  filled  with 
water.  The  iron  vessel  is  now  heated  by  gas  or  charcoal  By  the 
expansion  caused  by  the  heat  the  bulb  either  bursts  or  the  stopper  is 
driven  out  of  the  tube,  and  the  liquid  is  soon  converted  into  vapour. 
To  effect  an  equal  distribution  of  heat,  the  water  is  continually 
moved  by  means  of  a  stirrer  (p,  m,  n).  As  soon  as  the  temperature  has 
reached  the  point  at  which  the  determination  is  to  be  made,  the 
volume  of  the  vapour,  the  temperature  of  the  water,  and  the  height  of  the 
barometer  are  noted,  and  at  the  same  time  the  temperature  of  the  air  and 
the  difference  between  the  height  of  the  mercury  inside  and  outside 
the  globe  ascertained. 
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A  determination  of  the  vapour  density  of  pentane  made  by  thia 
method  gave  the  following  results : — 


Weight  of  pentane  .    . 

.    0101 

Temperature  of  ait 

.  16° 

Tempetature  of  vapour 

.  91° 

Volume  of  vapour  .    . 

.  59  5  cU  cm. 

.  752  mm. 

Difference  of  levtl  .    . 

.  220  mm. 

The  pressure  inside  the  bell-jar  was  conse- 
quently equal  to  that  of  a  column  of  mercury 
of  752  muL  at  16°  minus  that  of  a  column  of 
220  mm.  at  91°.  In  order  to  be  able  to  sub- 
tract one  from  the  other  we  must  first  reduce 
them  to  the  same  temperature.  The  coefficient 
of  expansion  of  mercury  is  0-00018;  the  heights 
at  0°  would  therefore  be — 


752 
1  +  (000018  > 
220 


-  7499. 


1  +  (000018  X  91)  ~      "   ■ 
The  pressure  inside  the  hell-jar  was  therefore — 

7499  -  216-4  =  533-5.  r«.t. 

59-5  cb.  cm.  of  pentane  weigh  at  91°,  and  under  a  pressure  of 
533-5  mm.  of  mercury,  0101  grams.  An  equal  volume  of  hydrogen 
weighs  under  the  same  conditions — 

0-00008936  X  59-5  x  5335  x  273  '    .  „„„_„„„ 
760  ^  364  =  00027992 grams. 

and  the  vapour  of  density  of  pentane  is — 

0101      _  „ 

0-0027992  ~  **  • 

^lis  method  can  only  be  employed  conveniently  when  the  substance 
boils  below  100°.  Tf  such  determinations  have  to  be  made  above 
this  temperature,  oil  must  be  used  in  the  place  of'  water ;  hut  the 
higher  the  temperature  rises,  the  more  difiicult  it  is  to  cause  the 
whole  of  the  liquid  to  be  uniformly  heated,  and  besides  there  is  great 
danger  of  poisonous  mercury  vapour  being  given  off.  But  as  this 
meuod  possesses  the  great  advantage  of  requiring  very  little  sub- 
stance, \^iilst  by  Dumas'  method  several  grams  are  lost  in  driving 
the  air  out,  several  endeavours  have  been  made  to  modily  Gay-Lussac'a 
method,  so  that  it  might  also  be  employed  for  high  boilii^  bodies^ 
Of  the  differant  modifications,  that  desciibed  by  HoAnann  has  bsgnn 
ta  oome  into  general  hb^  aa  the  process  ia  simple  and  easily  eflbcted. 
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The  apparatus  (Fig.  6)  con- 
sists of  a  glass  tube  one 
metre  ia  length,  and  about 

mm.  wide,  closed  at  one 
end  and  calibrated.  This 
tube  is  filled  with  meicniy 
and  stands  in  the  little  cup 
(A),  also  containing  mercury. 
A  vacuum  is  thus  obtained, 
in  which  the  substance  (about 
a  decigram)  contained  in  a 
very  small  stoppered  tube  is 
introduced.  The  long  tube 
is  surrounded  by  another 
tube,  30 — 40  mm.  wide, 
drawn  out  at  the  upper 
end,  and  widening  out  ab 
the  lower  end,  which  rests 
on  a  large  cork  provided 
with  an  open  narrower  tube 
((J).  Through  the  upper  end 
of  the  wider  tube  the  vapour 

a  liquid  having  a  con- 
stant boiling-point  is  passed.! 
As  the  vapour  of  the  sub- 
stance of  which  the  density 
is  to  be  determined  forms  t» 
the  boiling-point  of 
the  substance  is  so  much 
lowered  that  the  vapour  den- 
sities of  bodies  boiling  at 
150°  and  even  higher  may 
be  determined  by  means  of 
flteam.  For  producing  higher 
temperatures,  amyl  alcohol 
(boiling-point  132°),  oil  of 
turpentine  (b.  p.  160'),  or 
aniline  (b.  p.  182°),  are  used, 
the  vapour  of  these  suV 
stances  escaping,  together 
with  the  replaced  mercuiy, 
through  the  tube  (C),  which 
may  be  connected  with  a 
condenser.  When  the  liquid 
for  heating,  boils 
briskly,  the  space  between 
the  inner  and  outer  tubes 
soon  reaches  a  constanttent- 
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peratare,  and  as  soon  as  the  volume  of  the  vapour  remains  constant, 
the  height  of  the  mercurial  column,  of  the  barometer,  and  also  the 
temperature  of  the  air  are  observed,  and  from  these  numbers  the  vapour 
density  is  calculated  as  before.  At  higher  temperatures  the  tension 
pf  mercury  vapour  must  be  taken  into  uon8id,eration. 

DETEEMINATION  OF  THE  MOLECULAR  FOIiMULA.      \ 

The  vapour  of  hexane  is,  as  we  have  seen,  431  times  heavier  than 
hydrogen ;  the  molecular  weight  of  this  hydrocarbon  is  consequently 
43'lx2  ss  86*2.  Now,  as  we  know  its  percentage  composition,  we 
can  easily  calculate  how  much  carbon  and  hydrogen  are  contained 
in  86*2  parts  by  weight :; — 

Y^, — -  =  72*23,  or  6  X  12  parts  of  carbon, 

16-3  X  86-2      .A1K       ,     fi.  A  ''  '  *^^ 

-  ==  14'15  parts  of  hydrogen. 


IQO 


Ci  =72 


86  , 

.  The  molecular  weight  of  hexane  is  86,  and  its  formula  C-H^^.  The 
discrepancy  between  the  numbers  found  and  those  calculated  &om' 
the  formula  is  caused  by  unavoidable  experimental  errors,  which, 
however,  being  within  certain  limits,  have  no  disturbing  influence. 

The  vapour  density  of  pentane  is  36,  and  its  molecular  weight  72.' 
The  percentage  composition  of  this  hydrocarbon  was  found  to  be — 

Carbon 833 

Hydrogen 16*7  '     " 


1000 


One  mcdecule  therefore  contains — 
83-3  X  72 


1 1 


100 

i*f)-7  X  n 


=  59-976  or  5  X  12  parts  of  carbon, 
=  12*0  parts  of  hydrogen; 


...  100 

and  its  molecular  formula  is  CgH^g.  ' 

A  great  number  of  carbon  compounds  are  acids.  To  find  the 
molecular  weight  of  such  a  compound  we  have  only  to  ascertain 
the  basicity  of  the  acid,  and  then  to  determine  the  quantity  of  a 
metal  contained  in  one  of  its  anhydrous  normal  salts.  The  silver  salts 
are  generally  b^st  adapted  for  this  purpose,  as  they  usually  ciystallizel 
wit£mt  watei;'and  moreoy^r  can  be  easily  obtain^  in  a  pure  st^te«. 

Acetid*  Acid  is'monQbasic';    100  parts  of  silver  fusetate  leave  on. 
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ignition  64*67  parts  of  pure  silver ;  the  molecular  weight  of  this  salt 

is  therefore — 

100  X  108     -^^ 
— g-^-y-  =  167. 

Silver  acetate  dififers  from  acetic  acid  hy  containing  one  atom  of 
silver  in  the  place  of  one  atom  of  hydrogen,  and  the  molecular  weight 
of  the  acid  is  therefore — 

(167  -  108)  +  1  =  60. 

100  parts  of  acetic  acid  contain — 

Carbon 400 

Hydrogen 6*6 

Oxygen 59*4 

100-0 
Consequently,  one  molecule  consists  of — 

Carbon  .    .    .24      =  2  x  12  =  2  atoms  of  carbon. 
Hydrogen  .    .    3"96  =  4  x    1  =  4       „        hydrogen. 
Oxygen      .    .  3204  =  2  x  16  =  2       „        oxygen. 

The  molecular  formula  of  acetic  acid  is  therefore  CgH^Oj,  and  that  of 
silver  acetate  CjHsAgOj. 

Meconic  acid>  a  compound  found  in  opium,  is  a  polybasic  acid» 
On  adding  silver  nitrate  to  its  aqueous  solution,  a  white  silver  salt 
is  precipitated ;  but  when  silver  nitrate  is  added  to  a  solution  neutral- 
ized by  ammonia,  a  yellow  insoluble  salt  is  obtained.  The  composition 
of  the  acid  and  the  two  silver  salts  is  as  follows :— - 

Meconic  White  Yellow 

Acid.  Silver  Salt.  Silver  Salt 

Carbon     .    .    .  420  202  159 

Hydrogen     .    .  2-0  05  0*2 

Oxygen    .    .    .  560  27*0  21*9 

Silver  ....  —  52-3  620 

100-0  100-0  1000 

If  we  divide  these  numbers,  respectively,  by  the  atomic  weights  of 
the  elements,  we  obtain  the  relation  between  the  number  of  atoms  of 
the  constituents — 

42  :  12  =  3-5 

2:1  =  2 
56  :  16  =  3-5 

The  most  simple  formula  of  meconic  acid  deducted  from  these 
numbers  is  C^H^O^,  but  whether  this,  or  a  multiple  of  it,  expresses 
the  molecular  formula  cannot  be  decided  by  analysis.  In  the  two 
salts  different  quantities  of  hydrogen  are  replaced  by  silver.  The 
white  salt  contains  for  each  seven  atoms  of  carbon — 
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0"5  X  84 

— sTT^ —  =  2*1  parts,  or  2  atoms  of  hydrogen, 

o?i:o~  =  217  parts,  or  2  atoms  of  silver. 

In  the  yellow  salt  we  find — 

— Y^ —  =  1*05  parts  of  hydrogen, 

— y^ —  =  327'5  parts,  or  3  atoms  of  silver. 

From  this  we  conclude  that  the  acid  is  tribasic,  and  that  the 
formula  O^H^O^  represents  a  molecule;  and,  as  a  further  confirmation, 
we  find  that  we  also  know  acid  salts  containing  only  one  atom  of  a 
monad  raetaL    The  molecular  formulae  of  the  above  compounds  are 

therefore —     Meconic  acid C^Kfi^ 

White  salt C^IL^gfi^ 

Yellow  salt CyHAgjOy 

A  great  number  of  carbon  compounds  containing  nitrogen  are 
bases,  which  combine  with  acids  like  ammonia ;  some  are  monacid 
bases,  others  are  polyacid.  To  find  the  molecular  weight  of  such  a 
compound,  we  have  only  to  ascertain  the  quantity  of  acid  contained 
in  an  anhydrous  normal  salt,  or,  better  still,  to  find  the  quantity  of 
platinum  present  in  the  double  salts,  formed  by  the  combination  of 
the  hydrochloride  with  platinic  chloride,  and  which,  like  ammonium- 
platinic  chloride,  contain  two  molecules  of  hydrochloric  acid  for  each 
molecule  of  platinic  chloride. 

Cafieine  is  a  monacid  base ;  its  platinum  double  salt  contains  two 
molecules  of  caffeine,  and  two  molecules  of  hydrochloric  acid,  combined 
with  one  molecule  of  platinic  chloride ;  100  parts  of  this  compound 
leave  on  ignition  24*6  per  cent,  of  platinum ;  consequently,  to  find 
out  in  how  much  of  the  platinum  salt  one  atom  or  197*5  parts  of 
platinum  are  contained,  we  have — 

197-5  X  100  _ 
'  ~  24-6  ~  ~  ^"^  ^• 
From  this  we  find  the  molecular  weight  of  caffeine  by  the  equation — 

2a!  +  (2  X  36-5)  +  339-5  =  806-9 
•    a;  =  197-2. 

As  ve  know  the  percentage  composition  of  this  base,  we  can  easily 
find  its  molecular  formula : — 

197-2  X  49-5      „,,.    ,      , 
YfTPi =  97  6  of  carboa 

197-2  X     5-2       inQ    ri.  J 
YfjA —  1"  3  of  hydrogen. 

197-2x28-9      _^„    ,    ., 
:—r s  57-0  of  nitrogen. 

197-2  X  16-4      »„  „    , 

Yqq =  32-3  of  oxygen. 
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Oue  molecule  of  caffeine  coDsists^  therefore,  of — 

-y^  =    8'1  atoms  of  carbon 

10*3 

-Tj—  =  10*3  atoms  of  hydrogen. 

^-,-  =.    4*1  atoms  of  nitrogen. 
14 

39-3 

—^^~  =    2*0  atoms  of  oxygen. 

As  these  numbers  must  be  simple  multiples,  the  formula  of 
caffeine  is  CgHj^N^Og. 

The  largest  number  of  carbon  compounds  are  neither  acids  nor 
bases,  and  when  the  body  und,er  examination  is  neither  volatile  nor 
capable  of  forming  definite .  copipounds,  its  molecular  weight  can  be 
ascertained  only  by  an  exapt  ^tudy  of.  its  chemical  metamorphoses. 
Thus,  grape-sugar  has  the  same  percentage  composition  aa  acetic  add, 
its  most  simple  formula  being  CH^O.  It  belongs  to  the  so-called 
non-saturated  compounds,  and  combines  with  hydrogen  to  form 
mannite  C^H^.O^  an  alcohol  of  tlie  hexad  radical  C^Hg,  being  hexane 
C^H^^  in  which  six  atoms  of  hydrogen  are  replaced  by  six  of  hydroxyl 
C^Hg  (OH)g.  This  is  proved  by  the  fact  that  we  can  easily  transform 
it  into  hexane  by  the  substitution  of  hydrogen  for  hydroxyl.  From 
this  we  conclude  that  grape-sugar  likewise  contains  six  atoms  of 
carbon  in  the  molecule,  and  has  the  molecular  formula  C^H^fi^. 

Starch  contains  in  100  paits — 

Carbon    .* 44*44 

Hydrogen 618 

Oxygen   .........    49-38 

10000 

By  dividing  these  nuinl)ei*s  by  their  atomic  weights  we  obtain  the 
following  relation  between  the  number  of  atoms  of  the  constituent 

elements : — 

44*44 

~      -  STo 
l2 

16    ~^^ 

The  most  simple  relation  between  these  numbers  is  6 :  10 :  5 ;  but 
as  we  have  not  so  far  been  able  to  ascertain  the  molecular  weight  of 
starch,  we  use  for  the  present  the  most  simple  formula,  or  as  the 
whole  chemical  character  of  starch  shows  that  it  must  have  a  very 
liigh  molecular  weight,  we  write  the  formula  (CgH^^jO^),. 
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EMPIRICAL,  RATIONAL,  AND  CONSTITUTIONAL 

FORMULA. 

The  simplest  mode  of  expressing  the  composition  of  a  body  is  to 
write  side  by  side  the  symbols  and  numbers  of  the  constituent 
atoms:  — 

C^     .  .  Ethane.       '  CjHjClO^    Chloracetic  Acid. 

CjHjCl .  .  Ethyl  Chloride.  C^HgO^  .  Ethyl  Acetate.          i 

C^O  .  .  Ethyl. Alcohol.  C^H^    .  .  Ethena 

CjH^N  .  .  Ethylamine.  CjH^Cl^  .  Ethene  Chloride. 

C^Hi^O.  .  Diethyl  Ether.  Cfifi^  .  Ethene  Alcohol. 

CaH^Og  .  Acetic  Acid.  C^H^Og  .  GlycoUic  Acid. 

CjHjOCl  .  Acetyl  Chloride.  C^H/),  .  Oxalic  Acid. 

Such  formulae  are  called  empirical  formula'.  But  as  the  number 
of  carbon  compounds  is  so  very  large,  and  as  there  exists  amongjst  them 
a  considerable  number  of  Isomerides,  Le.  compounds  having  the  same 
percentage  composition  but  possessing  very  different  physical  and 
chemical  properties,  it  has  been  found  necessary  to  use  others  as  well 
as  these  empirical  formulse,  for  the  purpose  of  giving  an  idea  of  the 
chemical  character  of  the  body,  or  to  express  the  relation  it  bears  to  other 
compounds.  We  call  such  formulae  rational  formvlm.  Thus,  all  the 
ethyl  compounds  contain  the  monad  radical  CgHg,  ai^d  we  can  repre- 
sent those  contained  in  the  table  given  above  as  follows : — 

C»H  '^ 
^*%  1 0  Ethyl  Alcohol.  rf  t  N  Ethylamine. 

These  formulae  express  that,  when  we  replace,  for  instance,  in  ethane 

one  atom  of  hydrogen  by  one  of  chlorine,  we  obtain  ethyl  chloride ; 

and  that,  by  substituting  the  chloride  by  monad  hydroxyl  or  the 

monad  group  NHg,  ethyl  alcohol  or  ethylamine  are  formed.    The 

formula  of  alcohol  further  indicates  that  its  constitution  is  analogous  to 

water,  and  that  it  may  be  regarded  as  water  in  which  hydrogen  has 

been  replaced  by  ethyl.    From  the  rational  formula  of  ethylamine  it 

follows  that  it  has  a  constitution  similar  to  that  of  ammonia.     By 

replacing  the  hydrogen  in  the  hydroxyl  of  alcohol  by  ethyl  we  obtain 

CHI 
diethyl  ether  ^^  >  0,  which  may  be  regarded  as  water  in  which 

ethyl  occupies  the  place  of  hydrogen. 

By  acting  on  alcohol  with  oxidizing  agents,  two  atoms  of  hydrogen 
are  taken  out  and  their  places  are  occupied  by  one  atom  of  oxygen, 
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acetic  acid  being  formed,  which  stands  in  the  same  relation  to  acetyl 
chloride  as  alcohol  does  to  ethyl  chloride.  Acetic  acid  contains  like 
alcohol  the  group  OH,  the  hydrogen  of  which  can  be  replaced  by 
ethyl,  ethyl  acetate  being  formed.  These  acetyl  compounds  can 
therefore  be  represented  by  the  following  rational  formulse : — 

C2H3O  I Q  ^^^^j^  ^^jj  CjHjO  1   ^^^yj  Chloride. 

^^M  I  ^  ^^^y^  Acetate. 


The  monad  radical  acetyl  is  contained  in  a  large  number  of  com- 
pounds ;  it  is  derived  from  ethyl  by  the  substitution  of  two  atoms  of 
hydrogen  by  one  of  oxygen.  The  constitution  of  ethyl  may  be  repre- 
sented in  the  following  manner: — 

CH, 

CIL 

I 

What  is  now  the  constitution  of  acetyl  ?  It  may  be  obtained  from 
ethyl  in  three  different  ways ;  either  each  of  the  two  carbon  atoms 
loses  one  atom  of  hydrogen,  or  the  oxygen  combines  with  only  one  of 
the  two  carbon  atoms,  thus : — 

/CH,  CH.  CHO 

^CH  CO  CH- 

I  I  I 

Now  all  transformations  of  acetic  acid  and  other  acetyl  compounds 
show,  that  acetyl  contains  the  group  CH3,  from  which  it  follows  that 
the  second  formula  represents  the  constitution  of  acetyl,  and  to 
express  this  we  may  write  the  acetyl  compounds  in  the  following 
way: — 


CH3 .  CO 
H 


j  0  Acetic  Acid.  ^^«  *  ^^^  \  Acetyl  Chloride. 


By  taking  two  atoms  of  hydrogen  out  of  ethane  we  produce  ethene 
CjH^,  in  which  one  carbon  atom  is  linked  to  the  other  with  two  com- 
bining units : — 

CK 


2 
CH. 


'2 

This  hydrocarbon  combines  readily  with  chlorine,  ethene  dichloride 
being  formed,  in  which  the  cai*bon  atoms  are  linked  together  again  as 
they  were  in  ethane : — 


CHgCl 


i 


H,C1 


ca{ 
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On  replacing  the  chlorine  by  hydroxyl  we  obtain  ethene  alcohol: — 

CHg .  OH 

I 
CHg .  OH 

The  constitution  of  the  ethene  compounds  may  also  be  expressed 
in  a  more  simple  way,  thus : — 

CI  P  TT  I  OH 

CI  ^«^*  t  OH 

which  means  that  both  these  compounds  contain  the  dyad  radical 

ethene. 

Ethene  alcohol  yields  by  oxidation  glycollic  acid,  a  compound 

which  can  also  be  obtained  from  acetic  acid.   By  the  action  of  chlorine 

on  the  latter  compound,  chloracetic  acid  is  formed,  one  atom  of 

chlorine  substituting  one  atom  of  hydrogen  in  the  group  CH3.    When 

CH  CL  CO  1 
chloracetic  acid         ^        tt  >  0  is  acted  upon  by  caustic  potash^  the 

chlorine  is  replaced  by  hydroxyl,  and  potassium  chloride  and  glycollic 
acid  are  formed : — 

CH2CI .  CO  1 0  +  KOH  =  CHj  (OH)  CO  )  q  ^  ^^.j 

By  further  oxidation  of  glycollic  acid  we  obtain  oxalic  acid,  the 
two  remaining  atoms  of  hydrogen  of  the  ethene  being  substituted 
by  oxygen.  The  constitution  of  these  different  acids  we  may 
represent  thus : — 

Chloracetic  Glycollic  Oxalio 

Acid.  Acid.  Acid. 

CH-Cl  CH-  .OH  CO  .  OH 

I  I  I 

CO  .OH  CO  .  OH  CO  .  OH 

In  some  cases  it  is  convenient  to  resolve  such  constitutional 
formvice  still  further,  in  order,  to  explain  cases  of  isomerism,  &c.  In 
order  to  do  this  we  may  represent  the  quantivalence  of  elements  by 
straight  lines,  thus : — 

Hjdiogeii.  Oxygen.  Nitrogen.  Carbon. 


H—                —0—  jr.                — C— 

^^  I 

And  by  aid  of  these  symbols  the  following  graphical  formulse  are 
arrived  at : — 

Ethane.  Ethylamine. 

H        H  H        H 

H— C C— H  H— C C— N^ 

HE  H        H 


Si 
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Chtoracetlc  Aci<1. 

H 

J       ^^^ 


CI 


H 


A-H 


Ethene  Dichloride. 

H        H 


ci_c C— CI 


Ediene. 

H\  /  \   /H 
C       C 


/ 


Oxalic  Acid. 

c c- 


\ 


H— 0        O— H 
H         H 

It  need  hardly  be  mentioned  that  such  formulaB  ai'e  not  intended 
to  expross  how  the  atoms  are  arranged  in  space,  because  of  this  we 
are  totally  ignorant ;  they  simply  are  intend^  to  give  an  idea  of  the 
manner  in  which  the  attractive  forces  of  the  atoms,  forming  the 
molecule,  are  distributed. 


ISOMEEISM. 

Carbon  compounds  having  the  same  percentage  composition,  but 
difiWing  in  their  physical  and  chemical  properties,  are  called  laome- 
rides;  they  are  divided  into  three  groups. 

{V)  I^omerisftn  proper. — The  isomeric  compoimds  belonging  to  this 
division  contain  the  same  number  of  carbon  atomsi  linked  together. 
It  is  easily  understood  that  isomeric  hydrocarbons  of  the  marsh-gas 
series  can  only  be  produced  by  the  carbon  atoms  l)eing  differently 
grouped,  and  that  of  the  three  first  members  no  isomerides  ere 
possiole. 


CH, 


CH 


3 


(;r 


CH 

CH 

I 
CH, 


3 


2 


The  fourth  member  C^H^^  is  derived  from  the  third  by  methyl 
taking  the  place  of  one  atom  of  hydrogen.  Now  this  substitution 
can  either  taJce  place  in  one  of  the  two  methyl  groups  of  propane,  or 
in  the  group  CHg ;  consequently  two  isomerides  C^Hj^  are  possible, 
and  both  are  known : — 


CH 


8 


CR 


ca 


i 


CHjCHg 

\/ 

CH 
CH, 


a 
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Of  the  fifth  member  CgH^g  three  isomeric  forms   are   possible, 
which  are  also  known  : — 

CHo  CHq  CH«  CHq 

I  -  \>  '  I  *^ 

Cxi2  CiT.  Clig — C — CHj 


I  I, 

I  I 

CH2  C/H3 

I 
CH3 

Amongst  the  higher  members  the  number  of  possible  isomerides 
increases  rapidly. 

Ill  the  same  way  the  isomerides  existing  amongst  the  non-satumted 
hydrocarbons  are  constituted,  but  the  number  of  isomerides  which 
may  exist  in  these  groups  is  much  larger  than  those  of  the  marsh-gas 
series,  because  hydrogen  may  be  wanting  in  different  places.  Thus 
three  isomeric  forms  of  C^Hg  are  possible  : — 

CHo  CH«  CHo  CH« 

I  I  \> 

CHj  CH  C 


CH 


CH  CH 


9 


CH2  ^-"-.3 

The  isomeric  hydrocarbons  of  other  series  are  produced  by  similar 
causes ;  thus  from  benzene  C^Hg  a  great  number  of  hydrocarbons  are 
derived  by  hydrogen  being  replaced  by  alcohol  radicals. 

If,  for  instance,  ethyl  be  substituted  for  one  atom  of  hydrogen,  we 
obtain  ethyl-benzene,  which  is  isomeric  with  dimethyl-benzene  : — 

CflHg.CgHg  CgH4 1  ^, jj3 

It  has  already  been  pointed  out  that  all  other  carbon  compounds 
may  be  regarded  as  derivatives  of  hydrocarbons,  simple  or  compound 
radicals  taking  the  place  of  hydrogen.  By  such  substitutions,  how- 
ever, one  and  the  same  radical  may  replace  hydrogen  in  different 
positions,  and  thus  the  number  of  possible  isomeric  carbon  com- 
pounds is  very  large.  The  following  examples  represent  some  of 
the  simpler  cases : — 

Propyl  Iodide  CjHyl. 

Primarj'.  Secondar}'. 

CH3  CHo 


CH, 


r> 


HI 


!  I 

CHjI  CH, 
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Butyl  Alcohol. 


NormaL 

CH, 


CH, 

I 


CH2.OH 


Secondary. 

CH. 

I 
CH, 


From  Fueol  Oil. 

CH«  CH, 

\> 

CH 


Tertiary. 

\> 

C.OH 


CH.OH 


CH,.OH 


CH. 


CH, 


Ethene 
Chloride. 

CHgCl 


C,H,C1, 


Ethidene 
Cliloride. 

CH, 


A 


Propionaldehyde . 

CH. 


;h,ci 


Acetone. 

CH. 


CHCl 


CH. 


CO 


COH 


CH. 


CsHeO 

Propene  Oxide. 
I 

CHv 
I     > 


Allyl  AlcohoL 

CHo 


CH 


CR,.OH 


(2)  J/r/a;/ierism.  — Compounds  liaviug  tbe  saiLe  composition  and 
the  same  molecular  weight,  may  also  be  formed  by  different  radicals 
being  linked  together  by  the  same  polygenic  element.  Of  such 
bodies,  which  are  called  metameric  compounds,  a  very  large  number 
are  known.  In  ammonia,  for  instance,  one  atom  of  hydrogen  after 
the  other  may  be  replaced  by  alcohol  radicals,  and  thus  we  are 
acquainted  witli  the  following  metameric  amines  having  the  empirical 


formula  CgH^^N : — 


Propylamine. 

(  C,H, 
N-^H 

(h 


Methyl-Ethylamine. 


Triniethylamino. 

fCH, 
K-^CH, 

(ch; 


3 

fa 


By  introducing  an  alcohol  radical  in  the  place  of  hydrogen  in  the 
hydroxyl  of  an  alcohol,  ethers  are  obtained,  which  are  metameric 
with  other  ethers  as  well  as  with  an  alcohol,  as  the  following  exampla 
shows :  — 


Hexyl 
Alcohol. 


Empirical  Formula  CgHj^O. 

Ethyl- Butyl 
Ether. 


CeH 


H  j '^ 


Methvl-Peutyl 
Ether. 

CH3  )  Q 


Dipropyl 
Ether. 


C3H7 


C,H 


;}^ 


A  very  large  number  of  metameri  bs  are  ftmnd  amongst  the  etliers 
of  the  monobasic  acids. 


THE  CARBON  COMPOUNDS,  35 

Empirical  Formula  CgH^gOj. 

Caproic  Acid.                Methvl  Pentylate.            Ethyl  Biityrate.  Propyl  Propionate. 

"H}o          '^'^^fo          ^i?{°[o  <^d}o 


Butyl  Acetate.  Pcntyl  Formiate. 


(3)  Polt/merisni. — Compounds  having  the  same  percentage  composi- 
tion, but  different  molecular  weights,  are  polymeric.  A  very  striking 
example  of  polymeric  compounds  is  furnished  by  the  hydrocarbons  of 
the  general  formula  CnHj„. 

Ethene  ....  C^H^  Pent  en  e  .  .  .  C^K^^ 
Propene ....  CgH^  Hexene  .  .  .  C^Hj, 
Butene  ....     C^Hg        Heptene     .     .     .     Cyllj^ 

The  following  compounds  are  also  polymeric : — 

Acetylene    .     .     .     CgH^         Formaldehyde.  CHoO 

Benzene ....     CgH^        Acetic  Acid  C^Sifii 

Styrolene    .     .     .     CgHj,        Lactic  Acid     .  C^HgO, 

Hydronaphtlmlene   C^^jH^^       Grape  Sugar    .  CgHjgOg 


PHYSICAL  PROPERTIES  OF  THE  CARBON  COMPOUNDS. 

Specific  Gravity,—  It  has  been  already  pointed  out  that  the  specific 
gravity  of  gaseous  compounch,  or  their  vapour  density,  is  equal  to  half 
their  molecular  weighs ;  equal  volumes  of  different  gases  contain  the 
same  number  of  molecules,  or  all  gases  have  the  same  specific  volume. 

Amongst  liquid  carbon  compounds  also,  simple  relations  between 
their  specific  gravity  on  the  one  hand,  and  their  molecular  weight 
and  chemical  constitution  on  the  other,  have  been  found  to  exist. 
These  relations  are  most  clearly  recognized  by  comparing  the  specific 
volume  of  liquids.  To  find  the  specific  volume  of  a  liquid  we  divide 
the  molecular  weight  by  the  specific  gravity.  But  as  the  specific 
weight  changes  with  the  temperature,  it  is  obvious  that  such  a  com- 
parison of  specific  volumes  cannot  be  made  at  any  arbitrary  tempera- 
ture, and  it  has  been  found  that  they  are  only  comparable  at  a 
temperature  at  which  their  vapours  have  the  same  tension,  as  for 
instance  at  their  boiling-points. 

Ethyl  alcohol  boils  at  78*4°,  and  has  at  this  temperature  the  specific 
gravity  07360  ;  its  specific  volume  is  therefore  : — 

^^>      «  62-5 

Which  means  that  4G  grams  of  alcohol  have  at   7 Si"  a  volume  of 
62'5  cb.  cm. 
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By  comparing  the  specific  volume  of  different  liquids,  the  following 
laws  have  been  found : — 

(1)  The  difference  of  Cllg  in  homologous  series  corresponds  to  a 
difference  of  22  in  the  specific  volume  : — 


Formic  Acid  . 
Acetic  Acid    . 
Propionic  Acid 
Butyric  Acid  . 
Valeric  Acid  . 


Molecular 

Specific 

Weight. 

Volume. 

.      .      46      . 

.     .     42     .     . 

.     .     60     . 

.     .     64    .     . 

.     .     74     . 

.     .     80     .     . 

88 

.108     .     . 

.     .102     . 

.     .  130     .     . 

Difference. 

\  22 

.  22 

.  22 

.  22 


From  this  it  follows  that  the  group  CHg  has  the  specific  volume  22. 

(2)  Compounds  containing  as  many  times  two  atoms  of  hydrogen 
less,  as  others  contain  one  atom  of  carbon  more,  have  the  same  specific 
volume  or  the  specific  volume  of  one  atom  of  carbon  is  equal  to  that 
of  two  atoms  of  hydrogen  : — 


Octane 
Cymene 


CgH^g  . 

^10^14  • 


Ethyl  Ether  C^R^fi 


Phenol 


CeH,0 


Molecular 
Weight. 

114     . 
134     . 

74    . 
94    . 


Specific 
Volume. 

187 
187 

106-8 
106-8 


Now  as  the  specific  volume  of  CHg  is  22,  and  that  of  hydrogen 
half  that  of  carbon,  it  follows  that  the  specific  volume  of  carbon  is  11, 
and  that  of  hydrogen  5*5. 

(3)  Isomeric  and  metameric  compounds  have  generally  the  same 
specific  volume  ;  amongst  the  exceptions  we  find  a  number  of  oxygen 
compounds.  Whilst,  therefore,  the  specific  volumes  of  carbon  and 
hydrogen  remain  the  same,  that  of  oxygen  varies.  This  variation 
depends  on  the  manner  in  which  the  oxygen  is  combined  with  the 
carbon.  When  one  atom  of  oxygen  is  linked  to  the  carbon  atom  by 
one  combining  unit  only,  its  specific  volume  is  78  ;  but  when  com- 
bined to  carbon  by  both  units  its  specific  volume  becomes  12-2.  The 
specific  volume  of  dyad  sulphur  varies  also :  when  united  with  one 
combining  unit  it  is  23,  but  when  with  both  it  is  28-6. 

The  specific  volume  of  nitrogen  in  the  amines  is  2*3,  in  cyanogen 
compounds  17,  and  in  nitroxyl  NOj  17*4  The  specific  volumes  of  the 
monad  elements  of  the  chlorine  group  do  not  exhibit  such  variations. 
They  are  CI  =  228.     Br  =  278.     I  =  37-5. 

By  means  of  these  numbers  the  specific  gravity  of  a  liquid  carbon 
compound  can  easily  be  calculated.  The  following  table  shows  how 
near  these  calculated  numbers  agree  with  those  deduced  from  the 
specific  gravity : — 
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Specific  Volume  at  the  Boiling  Point. 


Water  .  .  . 
Formic  Acid  . 
Ethyl  Alcohol . 
Acetone.  .  .. 
Mercaptan  .  . 
Aniline  .  .  . 
Acetonitrile     . 

Ethyl  Nitrate  . 

Chloroform 
Bromine      .     . 
Ethene  Bromide 
Ethyllodide   . 


,  COH.OH 
.  C2H5.OH 
.  C0(CH3)j 

•  CgHj.NHj 
.  C,H,N03 


Found. 

18-8  . 
41-8 
62-5 
77-6 
76-1 
106-8 
77-2 


8 


.  CHCl 
.  Br  . 


901 

84-8. 
28-1 
99  0 
86-4 


.  2  X 

.11  + 
.  2  X 
.  3 
.  2 
.  6 
.  3 

i2 

{ 
11 


Calculated. 


X 
X 
X 
X 
X 
X 

+ 


5-5  +  7-8 

2x5-5  +  7-8  +  12-2  = 
11  +  6x5-5+  7-8  = 
11  +  6  X  5-5  +  12-2  = 
11  +  6  X  5-5  +  23  : 
11  +  7  X  5-5  +  2-3  = 
11  +  5  X  5-5  +  17  = 
11  +  5  X  5-5  +  3) 
7-8 +17-4.  .  ./ 
5-5  +  3  X  22-8 


2x11+4x5-5+  27-8 
2x11  +  5x5-5  +  37-5 


=  18-8 
=  42-0 
=  62-8 
=  78-2 
=  78-0 
106-8 
=  77-5 

=  90-3 

=  84-9 
=  27-8 
=  99-6 
=  87-0 


There  exist  also  certain  relations  between  the  specific  gravity  and 
the  molecular  weights  of  solids,  but  only  a  few  carbon  compounds 
have  been  studied  as  yet  in  this  direction. 

Melting  Point  and  Boiling  Point. — The  number  of  carbon  com- 
pounds which  are  gaseous  at  the  ordinary  temperature  is  very  limited, 
most  of  them  being  liquids  or  solids.  A  great  number  of  solids  melt 
on  heating,  and  most  of  the  liquids  boil  and  volatilize;  but  tliere 
exist  also  many  which  undergo  a  chemical  change  by  the  action  of 
heat,  decomposition  taking  place  and  the  molecule  being  broken  up, 
with  the  formation  of  a  smaller  or  larger  number  of  new  compounds. 

Generally  speaking  a  body  is  the  more  volatile  the  more  simple 
the  constitution  of  the  molecule,  and  the  more  complicated  the  latter 
is,  the  more  liable  is  the  compound  to  be  decomposed  by  heat.  Thus 
formaldehyde  CHgO  is  a  gas ;  of  its  polymerides  acetic  acid  CgH^O, 
boils  at  118°,  lactic  acid  CgH^Oj  volatilizes  at  200°,  but  at  the  same 
time  a  large  proportion  undergoes  decomposition,  whilst  grape  sugar 
CgH^jOg  is  not  volatile  at  all,  but  is  completely  destroyed  at  a  high 
temperature. 

l^e  more  volatile  a  substance  is  the  more  simple  is  its  constitution, 
from  which  follows  that,  in  homologous  series,  the  boiling-point  nmst 
rise  with  every  increase  of  CHg ;  in  some  cases  this  increase  is  very 
regular,  although  different  in  different  series,  as  the  following  ex- 
amples show : — 

Normal  Alcohols. 


Observed. 

Calculated. 

Difference. 

Ethyl     CjH^O    .     . 

.     78-4°     . 

.     78-4° . 

.      — 

Propyl    CjHgO    .     . 

.     97 

.     97      . 

.     .     19° 

Butyl     C\HioO  . 

,    .  lie, 

.  116      . 

.     .     19 

Pentyl   C.Hi^O  . 

.    .  137 

.     .  135      . 

.     .     19 

Hexyl    C^Hi^O  . 

.     .  156-6 

.     .  154      . 

.     .     19 

Heptyl  C,H,,0  . 

■                  • 

.     .  173      . 

.     .     19 

Octyl     CgHjgO  . 

.     .  192 

.     .  192      . 

.     .     19 
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In  the  series  of  the  uoriiial  fatty  acids  tlie  difference  between  the 
boiling-points  of  the  lower  members  is  also  constant,  being  22°,  but 
afterwards  it  becomes  less  : — 


NoKMAL  Fa'ity  Acids. 


Acetic 

Propionic 

Butyric 

Pentylic 

Hexylic 

Heptylic 

Octyfic 

Nonylic 


CsHgOg 

^7^1402 


observed. 

Ca1(mlat«d. 

I 

.      118°       . 

.     118°     .     . 

.     140-6    .     . 

140 

.     163-2    .     . 

162 

.     184-5    .     . 

184 

.     204-5    . 

.     206 

.     220 

— 

.     233      . 

.     254      . 

l>itfcreuce. 

22=^ 

22 

22 


In  other  ceises,  however,  the  difference  between  the  boiling-points 
of  the  lower  members  of  a  series  is  not  the  same.  Thus  in  the  series 
of  the  normal  paraflSns  it  decreases  regularly  by  about  4°,  until  it 
becomes  a  constant  difference  of  19°: — 


Boiling- |K)iuts. 


Found  (mean).     Calculated. 


Difference. 


Methane     C   H^  .     .     — 

Ethane 

Propane 

Butane 

Pentane 

Hexane 

Heptane 

Octene 

Dodecane 

Hecdecane 


Cg  Hg  . 
Cg  Hg  . 

Cg  Hjg . 

Cy   Hjg  . 

Cg  H18 . 

■^12^26  • 


1° 

38 


70 

99 

124 

202 

278 


1° 
38 
71 
100 
125 
201 
278 


ST 
33 
29 
25 
4  X  19 
4  X  19 


In  the  haloid-ethers  of  the  alcohol  radicals  and  their  acetates,  the 
decrease  appears  to  be  about  2° : — 


Normal  Iodides. 


Boiling-points. 

Observed.              Calculated. 

Difference 

Methyl  C  H3  I     . 

40°    .      .      .        40'    .     . 

• 

Ethyl     C,H.  I     . 

.      72    .    .     .      72    .    . 

.     32° 

Propyl   C3H.  I     . 

.     102     ...     102     .     . 

.     30 

Butyl     C^Hg  I     . 

.     129-6.     .     .     130    .     . 

.     28 

Pentyl   C^HiiI     . 

.     155-4.     .     .     156    .     . 

.     26 

Hexyl    C,Hi3l     . 

.     179-5.     .     .     180    .     . 

.     24 

Heptyl  C,H,,I    . 

—    ...     202    .     . 

.     22 

Octyl     CgHijI     . 

.     221     ...     222     .     . 

.     20 
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NoKMix  Bromides. 


■OUervBJ.             CslculHted. 

Difference. 

Ethyl 

C^,  Br  . 

.       39"   .     .     .       39'    . 

Propyl 

C.H,  Br  . 

.      71    .    .    .      71    . 

.'     '     32- 

Butyl 

C.H,  Br  . 

.     1004.     .     .     101     . 

.     .     30 

Pentyl 

C,H„Br  . 

.     128-7.     .     .     129     . 

.     .     28 

Hexyl 

C,H„Br  . 

.       —     ...     165     . 

.     .     26 

Heptyl 

0,H„Br  . 

—     ...     179     . 

.     .     24 

Octyl 

C,H„Br  . 

199     ..     .     201     . 

.     .     22 

NoKMAL  Chlorides. 

DifTorence. 

Ethyl 

CM,  a  . 

.     12-5-  ...       13"    . 

Propyl 

C,H,  CI  . 

.     46-4    ...       46     . 

'.     '.     33* 

Butyl 

C.H.  CI  . 

.     77-6   ...      77    . 

.     .    31 

Pentyl 

C,H,,C1  . 

.  106-6    ...     106     . 

.     .     29 

Heiyl 

C,H,,C1  . 

—       ...     133     . 

.     .     27 

Heptyl  C,H,,C1  . 

—       ...     168     . 

.     .     25 

Octyl 

C,H„C1  . 

180       ...     181     . 

.     .     23 

Normal  Acetates. 

ObBerved.              Calculated. 

DiffereDce. 

Ethyl 

C,  H,  0, 

74*      .     .     .        74*    . 

Propyl 

C,  H,.0, 

102        ...      101      . 

■     :     27- 

Butyl 

C,  H„C1. 

125-1    ...     126     . 

.     .     25 

Pentyl 

C,  H,,o; 

148-4   ...     149    . 

.     .     23 

Hexyl 

C,  H,,0, 

1687   ...     170     . 

.     .     21 

Heptyl 

C,  H„0. 

—      ...     189    . 

.     .     19 

Octyl 

CiuH„o; 

207       ...     208     . 

.     .     19 

It  if!  generally  stated,  that  metameric  compoundB,  having  an 
analogoita  constitution,  boil  at  the  same  temperature,  but,  as  the 
following  examples  show,  this  is  not  always  the  case : — 


FonnuI.C.H..O,.  "^/^f 
Butyl  Acetate  .  .  124-3° 
Propyl  Propionate.  1224 
Ethyl  Butyrate     .  1210 


Fomiulft  C,H,,0,, 
Pentyl  Acetate  . 
Butyl  Propionate 
Propyl  Butyrate 


fiDilinK- 

.  146-0 
.  143-4 


Isomeric  compounds  boil  at  different  temperatures,  the  boiling- 
point  being  higher  the  more  simple  the  constitution  of  the  com- 
pound : — 

Boiling-point. 

Hesane C,H,, 69-5' 


Dimethyl-ethyl-methane.  CH-J^™'*' 
Tetiamethyl-ethane  .  .  CjH^CCH,). 
Triinefhyl-etbyl-methane  C  |  j?5"'"    . 
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Propyl-benzene .  .  . 
Ethyl-methyl-  benzene 
Trimethyl-benzene 


Boiling-poiut. 


.  .  .153 
.  .  .159 
.     .     .166 


Normal  Butyl  Alcohol    .  C^Hj,.OH       .     .     .     .116 
Isobutyl  Alcohol    .    .    .  CgHj(CH3)jOH       .    .  108 

Secondary  Butyl  Alcohol  ^  y»  |  CH.OH  ...     96 

Tertiary  Butyl  Alcohol   .  C(CH3)30H  ....     82 

By   the  subtraction  of  hydrogen  the  boiling-point  is  generally 
raised  : — 


Heptane. 

99° 

Authracene. 

^14^10 

above  3G0' 


Hepteiie. 
C7H14 

100" 


Heptine. 

107" 


Dihydroanthraceuc.         Hexliydroanthracene. 

305°  290° 


Hydrocarbons  always  boil  at  a  lower  temperature  than  their 
derivatives,  and  the  boiling-points  of  the  latter  rise  when  more 
hydrogen  is  displaced  : — 


Ethauo. 

gas 

Ethvl  Alcohol 

c;h5.oh 

78-4° 


Etbylamine. 

18-5° 

Ethcne  Chloriclc. 

CgH^Clg 
82-5° 


Ethyl  Chloride. 

C,H,C1 
12° 

Pithene  Alcohol. 

C,H/OH), 
197-5° 


Acetic  Acid. 

C'H,0.(JH 
118° 


(,'hloracctic  Acid. 

C^HjClO.OH 


Benzene. 

82° 

Nitrolwnzenf. 

205° 


Aniline. 

C.H,.NH 
182° 


'6' 


2 


Clilorohenzenc. 

C«H,C1 
135° 


Dichlorobenzcne. 

C^jH^Cl^ 
172° 


Trichlorol>enzenc. 

210* 


Phenol. 

CeH,.OH 

184° 

Diamidohenzene. 

287^ 


Optical  Properties. — When  a  ray  of  light  i)asses  from  one  medium 
into  another,  it  is,  as  is  well  known,  bent  or  refracted.  This  refraction 
is  very  different  for  different  media,  but  for  the  same  two  media  the 
ratio  between  the  sine  of  the  angle  of  incidence  and  that  of  the  angle 
of  refraction  is  constant.  Calling  the  angle  of  incidence  V,  and  that 
of  refraction  r,  this  law  is  expressed  by — 
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sill  i 


smr 


n 


The  value  of  n  is  called  the  index  of  refraction,  and  by  speaking  of 
the  index  of  refraction  of  a  body,  we  mean  generally,  the  ratio  exist- 
ing between  the  sines  of  the  two  angles,  when  a  ray  enters  the  body 
from  the  air.  The  index  of  refmction  changes  with  the  temperature 
as  well  as  with  the  specific  gravity  (c?)  in  such  a  way  that  the  value 

—j — ,  called  the  specific  refractive  enei'gy,  remains  constant.  By  multi- 
plying this  value  by  the  molecular  weight  of  the  substance,  we  obtain 
its  molecular  refractive  energy,  which  depends  on  the  chemical  compo- 
sition. The  relations  existing  between  the  molecular  refractive 
energy  and  the  chemical  composition  have  been  best  studied  for 
the  liquid  compounds  belonging  to  the  group  of  fatty  substances,  and 
the  non-saturated  compounds  associated  with  them. 
The  following  are  the  most  important  results  : — 

(1)  Isomerides  and  metamerides  have  the  same  molecular  i-efractive 
energy. 

(2)  The  molecular  refractive  energy  increases  in  homologous  series 
76,  for  each  increase  of  CH^. 

(3)  By  the  addition  of  two  atoms  of  hydrogen  the  molecular 
refractive  energy  increases  2G. 

(4)  The  refractive  molecular  energy  of  the  acids  of  the  series 
CnH^Og  is  equal  to  I'&n  +  6. 

From  these  results  we  can  calculate  the  atomic  refractive  energy  of 
carbon,  hydrogen,  and  oxygen ;  we  find  that  in  these  liquid  compounds 
these  elements  have  the  following  refractive  energies : — 

Carbon 5 

Hydrogen 1*3 

Oxygen 3 

By  means  of  these  members  the  molecular  refractive  energy  of  a 
liquid  of  known  composition  can  easily  be  calculated.  The  following 
example  shows  how  well  the  value  thus  obtained  agrees  with  that 
found  by  means  of  the  observed  index  of  refraction.  To  find  the 
latter,  a  hollow  prism  consisting  of  glass  plates  was  filled  with  the 
liquid,  and  by  means  of  it,  the  deviation  of  the  yellow  sodium  line 
observed ;  the  temperature  being  20°. 

Ethyl  Alcohol  C^HgO.  d  =  07964         n  =  1-3606 

^?^  =  0-4528. 
a 

By  multiplying  the  latter  number  by  46,  the  molecular  weight  of 
alcohol,  we  obtain  the  molecular  refractive  energy  =  20*8,  whilst 
calculating  it  from  the  chemical  formula  we  have — 

2  X  5  4  6  X  1-3  -f  3  =  208. 
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Acetic  Acid  C^Ufi^        d  =  1053.         n  =  1-372. 

^^^^  =  0-3533.  GO  X  0-3533  =  21-2. 

a 

Calculated  from  the  composition — 

2x5  +  4x1-3  +  2x3  =  212. 

Ethyl  Acetate  C^HgO^.        d  =  0-8977.        n  =  13715. 

^?^  =  0-4138.  88  X  0-4138  =  364. 

d 

Butyric  Acid  C^H^O^.         d  =  0-9608.        n  =  1-3973. 

^^  =  0-4135.  88  X  0-4135  =  364. 

a 

The  two  latter  compounds  are  metameric,  and  have  therefore  the 
same  specific  and  molecidar  refractive  energy,  which  latter  found 
by  calcidation  is — 

4x5  +  8x1-3  +  2x3  =  364. 

The  specific  refractive  power  of  mixtures  is  the  mean  of  that  of 
their  constituents,  and  if  we  know  what  compounds  are  present  in  a 
mixture  of  liquids,  we  are  able  to  find  by  means  of  this  optical 
analysis  the  quantity  of  each,  which  by  chemical  analysis  can  only 
be  done  when  the  composition  of  the  two  bodies  is  widely  different. 
It  often  happens  that  such  mixtures  containing  two  alcohols,  or  two 
hydrocarbons,  &c.,  cannot  be  completely  separated,  either  by  chemical 
or  by  physical  means,  but  yet  by  means  of  an  optical  analysis  we  can 
find  the  quantity  of  each. 

Mixture  of  Ethyl  Alcohol,  and  Water. 

d 

Ethyl  Alcohol 04528 

Water 03324 

Mixture 04225 

Galling  the  quantity  of  alcohol  contained  in  100  parts  a?,  and  that  of 
the  water  y,  we  have  the  simultaneous  equations — 

(1)  a;  +  y  =  100. 

(2)  0-4528a;  +  0'3324y  =  04225  x  100. 

From  this  we  find — 

X  =  74-84 
y  =  25-16 

10000 

which  agrees  as  nearly  as  possible  with  the  real  composition — 

Alcohol 74-9 

Water 251 

1000 
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Mixture  of  Ethyl  Alcohol  and  Amyl  Alcohol. 

^  -  1 
d 

Ethyl  Alcohol 04528 

Amyl  Alcohol 0-5()33 

Mixture 04940 

(1)  x  +  y=  100 

(2)  0-4528X  +  0-50331/  =  494 

y  =  81-5 
X  =  18-4 

The  liquid  being  prepared  by  mixing  together — 

Amvl  Alcohol 813 

Ethyl  Alcohol 187 

Not  only  the  composition  of  mixtures,  but  also  that  of  compounds 
can  be  ascertained  by  means  of  the  optical  analysis.  As  this  method, 
however,  depends  entirely  on  the  exact  determination  of  the  specific 
refractive  energy  of  the  elements,  and  as  that  of  oxygen  is  not 
yet  accurately  known,  reliable  results  have  been  only  obtained  in  the 
analysis  of  hydrocarbons.  Thus  the  composition  of  amylene  CgH^^ 
was  found  from  the  following  data  : — 

d  =  0-G733.  n  =  1-3706.  ^^-^  =  0-5504. 

d 

n  —  1 
The  value  of  — ^ —  for  carbon  is  t^,  or  more  exactly  0*4220,  and 

that  of  hydrogen  1-3016.     Calling  the  percentage  of  carbon  y,  and 
that  of  hydrogen  x,  we  have  the  equations : — 

(1)  a?  +  y  =  100 

(2)  0-422y  +  1*3016^  =  5504 

X  =  14-6.  y  =  85-4. 

Calculated  composition  of  C^  H  ^  o .  Found. 

Carbon 85*7     ....     854 

Hydrogen    ....     14*3     ....     14-6 

Similar  relations  between  refractive  energy  and  composition  are 
exhibited  by  liquid  carbon  compounds  belonging  to  the  aromatic 
group  and  other  groups  richer  in  carbon,  but  they  have  not  yet  been 
so  completely  investigated.  As  yet  it  has  only  been  shown  that  their 
molecular  refractive  energies  are  higher  than  those  calculated  from 
the  values  given  above,  and  the  higher  they  are,  the  more  compactly 
the  carbon  atoms  are  linked  together. 

Circular  Polarization. — Those  carbon  compounds  which  possess  the 
power  of  turning  the  plane  of  polarized  light  are  either  a  product  of 
life,  or  derivatives  of  such  bodies ;  no  carbon  compound  prepared  by 
synthesis  has  been  found  to  be  optically  active.  Solid  optically  active 
compounds  form  crystals  generally  having  hemihedral  faces,  and  often 
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exist  in  two  modifications,  one  turning  the  polarized  ray  to  the  right, 
and  the  other  to  the  left.  In  such  a  case  the  heraihedral  faces  are 
differently  arranged,  and  when  the  two  kinds  of  crystals  are  placed  in 
the  same  position  it  will  be  found  that  the  hemihedral  faces  appear 
in  one  crystal  on  the  right,  and  in  the  other  on  the  left  side,  or  one  of 
the  crystals  looks  like  the  image  of  the  other  in  a  mirror.  These 
bodies  are  not  only  optically  active  in  the  solid  state,  but  also  in 
solution ;  and  there  exist  also  many  liquids  having  this  property,  as 
for  instance,  amyl  alcohol,  oil  of  turpentine,  &c. 

This  optical  property  has  been  made  use  of  in  the  arts ;  it  is  used 
to  determine  the  quantity  of  sugar  contained  in  syrups.  Under  the 
head  of  cane-sugar  it  will  be  explained  how,  by  simply  measuring  the 
angle  of  deviation,  the  quantity  of  sugar  contained  in  a  liquid  can  be 
ascertained. 

Colour  of  the  Carbon  Compounds. — Most  carbon  compounds  are 
colourless,  when  in  the  pure  state  ;  but  there  exist  also  a  great  number 
having  characteristic  colours,  and  many  of  these  are  used  as  dye  stuffs 
or  for  the  preparation  of  pigments,  such  as  indigo,  the  colours  of 
madder- root,  cochineal,  aniline  colours,  &c.  It  appears  that  the  colour 
of  these  bodies  depends  on  their  chemical  constitution ;  they  contain 
certain  elements,  as  oxygen  and  nitrogen,  combined  in  a  peculiar 
manner,  as  we  shall  see  when  w^e  come  to  the  study  of  these  bodies. 

Odour  and  Taste. — The  odoui-s  of  volatile  carbon  compounds  vary 
very  much,  as  the  following  examples  show :  spirits  of  wine,  ether,  acetic 
ether,  acetic  acid,  chloroform,  camphor,  oil  of  cloves,  &c.  Compounds 
having  a  similar  constitution  often  possess  a  similar  smell.  Thus  the 
marsh-gas  hydrocarbons  all  possess  a  faint  smell  of  flowers,  which  is 
more  or  less  perceptible  according  to  the  volatility  of  the  body.  The 
compound  ethers  of  the  fatty  acids  smell  like  various  kinds  of  fruit, 
and  are  on  that  accoimt  used  by  confectioners  and  perfumers.  Most 
sulphur  compounds,  in  which  this  element  is  not  combined  with  oxy- 
gen, are  characterized  by  their  disagreeable  odour,  and  many  chlorides 
have  a  smell  similar  to  that  of  chloroform. 

Relations  between  odour  and  chemical  constitution  certainly  exist ; 
but  only  a  few  such  are  known.  Thus  the  amines  or  compound 
ammonias  have  an  odour  resembling  tliat  of  ammonia,  and  many 
aldehydes,  compounds  which  readily  absorb  oxygen  from  the  aii', 
possess  a  peculiar  suffocating  smelL 

The  taste  of  carbon  compounds  is  equally  as  varying  as  their 
odour;  we  find  here  also  that  analogous  constitution  produces  a 
similar  taste.  Tlie  alkaloids,  as  quinine,  strychnine,  &c.,  have  an 
intensely  bitter  taste,  whilst  the  taste  of  the  alcohols  of  polygenic 
radicals,  as  glycerin,  mannite,  and  sugar,  is  pleasantly  sweet. 

Solubility. — A  great  number  of  carbon  compounds  are  soluble  in 
water,  others  only  in  alcohol,  ether,  acetic  acid,  benzene,  &c.     These 
different  solvents  are  made  use  of  in  separating  or  purifying  them. 
In  homologous  series  the  first  members  are  generally  more  soluble  in  . 
water  than  the  higher  ones.    Thus  in  the  seiies  of  the  alcohols  and 
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fatty  acids,  the  lower  members  are  miscible  with  water  in  all  pro- 
portions, whilst  those  following  next  dissolve  only  in  certain  propor- 
tions, and  the  highest  are  insoluble  in  water.  All  hydrocarbons  are 
either  very  sparingly  soluble,  or  quite  insoluble  in  water ;  by  replacing 
in  them  a  part  of  the  hydrogen  by  hydroxyl  or  oxygen,  compounds 
are  formed  which  are  more  soluble,  generally  in  proportion  to  the 
more  oxygen  they  contain.  Thus  butyl  C^H^^  is  almost  insoluble  in 
water,  butyl  alcohol  0^11^,(011)2  readily  soluble,  and  butylene  alcohol 
C^H8(0H)  mixes  with  water  in  all  proportions.  Succinic  acid  O^H^O^ 
is  more  soluble  than  butyric  acid  O^HgOg,  and  malic  acid  O^H^Og  is 
very  deliquescent. 


FRACTIONAL   DISTILLATION. 

This  is  an  operation  often  made  use  of  in  the  preparation  of  pure 
carbon-compounds  to  isolate  the  different  constituents  contained  in 
a  mixture  of  volatile  bodies.  On  subjecting  a  mixture  of  two 
liquids  to  distillation,  at  the  beginning  a  large  proportion  of  the  more 
volatile  body  comes  over ;  but  the  boiling-point  rises  continually,  and 
more  and  more  of  the  vapour  of  the  less  volatile  compound  mixes  with 
that  of  the  more  volatile.  It  is  only  when  the  difference  between  the 
boiling-points  of  the  two  bodies  is  very  considerable  that  it  is  possible 
to  effect  an  almost  complete  separation  by  one  distillation.  In  this 
case,  when  the  operation  is  carried  on  very  slowly,  the  more  volatile 
body  distils  at  a  nearly  constant  temperature ;  and  as  soon  as  all  of  it 
has  passed  over,  the  thermometer  rises  rapidly  to  the  boiling-point  of 
the  less  volatile  compound.  But  in  most  cases  it  is  impossible  even 
to  approach  a  separation  by  only  one  distillation.  By  collecting  sepa- 
rately the  portions  distilling  between  certain  intervals  of  temperature, 
say  between  each  5°,  or  IC,  the  first  will  consist  chiefly  of  the  lower 
boiling  body,  and  the  last  of  the  less  volatile  substance ;  whilst  the 
composition  of  the  greatest  portion  boiling  between  these  two  ap- 
proaches more  or  less  to  that  of  the  original  mixture. 

The  following  example  shows  well  how  very  imperfectly  even  bodies 
whose  boiling-points  are  not  close  together  are  separated  by  one 
distillation.  A  mixture  of  100  grams  of  ethyl  alcohol  (boiling-point 
78*4°)  and  100  grams  of  amyl  alcohol  (boiling-point  132°)  was  distilled 
from  a  long-necked  flask,  and  the  distillate  collected  in  7  fractions, 
the  composition  of  which  was  found  by  optical  analysis : — 


Boiling-point .... 

80"-(H)'> 

PC'-IOC* 

100"-110" 

110''-120" 

120"-130° 

130"-13r 

131'»-132« 

Weight  of  fraction  .    .    . 

47 

46 

25 

14 

18 

11 

4-5 
95-5 

86 

Per  cent  of  Ethyl  Alcohol 
Per  cent  of  Amyl  Alcohol 

881 
19*9 

82 
18 

61-5 
88-6 

521 
47  9 

18-4 
81-6 

0-2 
99-8 

100-0 

100 

100-0 

1000 

100  0 

100-0 

100  0 
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In  the  flaak  remained  4  grams  of  pure  amyl  alcoliol. 

It  is  easy  to  understand  the  reason  wliy,  in  sncli  a  distillation,  the 
less  volatile  body  distils  so  much  below  its  boiling-point.  As  is  well 
known,  all  volatile  bodies  evaporate  below  their  boiling-points,  and 
this  takes  place  with  greater  facility  when  the  tension  of  the  vapour 
is  higher,  and  the  quicker  the  surrounding  atmosphere  is  changed. 
Now  these  very  conditions  are  ful6ned  on  boiling  a  mixture  of  two 
liquids ;  the  vapour  of  the  lower  boiling  body  carries  that  of  the  less 
volatile  substance  with  it  on  passing  through  the  mixture,  and  being 
quickly  condensed,  a  new  atmosphere  is  continually  formed. 

In  most  cases  such  mixtures  contain  more  than  two  compounds ; 
thus  the  so-called  fusel  oil  is  a  mixture  of  several  homologous  alco- 


hols, and  American  petroleum  contains  a  large  number  of  marsh-gas 
hydrocarbons,  whilst  the  light  oils  of  coal-tar  contain  benzene  and 
homologous  hydrocarbons.  In  order  to  isolate  irom  such  mixtures 
tolerably  pure  compounds,  the  different  fractions  obtained  in  the  first 
distillation  are  again  submitted  to  the  same  operation,  and  those  por- 
tions which  distil  between  the  same  intervals  of  temperature  collected 
separately ;  and  this  process  is  repeated  until  bodies  with  a  nearly 
constant  boiling-point  have  been  obtained. 

A  complete  separation  cannot  be  effected  in  this  way ;  since  sub- 
stances obtained  by  this  method,  though  having  a  constant  boiling- 
point,  are  never  quite  pure,  and  thus  require  to  be  further  treated  in 
different  ways  in  order  to  effect  a  complete  separation. 
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The  apparatus  used  in  the  laboratory  for  fractional  distillation  is 
seen  in  Fig.  7.  The  boiling  liquid  is  contained  in  a  flask,  a,  the  vapours 
enter  the  bulb  tube  c,  containing  the  thermometer ;  the  large  sur- 
face allows  the  less  volatile  substance  to  condense,  whilst  the  more 
volatile  vapours  enter  the  condenser,  round  which  cold  water  flows. 
By  such  an  arrangement  the  number  of  distillations  required  is  much 
diminished. 


CLASSIFICATION  OF  THE  CARBON  COMPOUNDS. 

It  has  already  been  fully  explained  that  the  carbon  compounds  are 
divided  into  several  large  groups,  according  to  the  manner  in  which 
the  carbon  atoms  are  linked  together ;  each  of  these  may  again  be 
subdivided  into  compounds  of  monad,  dyad,  triad,  &c.,  radicals.  It 
is,  however,  at  present  impossible  to  arrange  all  carbon  compounds 
according  to  such  a  system,  because  several  of  these  groups  have  been 
very  incompletely  studied,  and  there  exists  a  very  large  number  of 
organic  bodies  the  constitution  of  which  is  not  known  at  all.  We 
slmll  therefore  arrange  the  carbon  compounds  in  the  following  order. 

(1)  The  oxides  and  the  sulphide  of  carbon,  as  well  as  the  cyanogen 
compounds,  exhibit  in  their  T3ehaviour  more  resemblance  to  the 
compounds  of  the  other  elements  than  the  remainder  of  the  carbon 
compounds,  and  for  this  reason  they  are  generally  treated  of  under 
the  head  of  inorganic  chemistry. 

We  shall  consider  these  compounds  first,  as  the  radicals  contained 
in  these  occur  also  in  a  large  number  of  other  carbon  compounds,  the 
chemical  constitution  of  which  will  be  only  properly  understood  by 
being  well  acquainted  with  that  of  the  former. 

(2)  The  large  group  of  fatty  substances  coming  next  has  been  very 
folly  investigated ;  they  iare  subdivided  again  according  to  the  quanti- 
valence  of  their  radicals.  Much  less  complete,  however,  is  our 
knowledge  of  the  non-saturated  compounds.  As  most  of  them  are 
very  nearly  connected  with  compounds  of  the  fatty  group,  being 
either  obtained  from  the  latter,  or  transformed  into  such  by  the  addi- 
tion of  hydrogen,  they  will  be  considered  along  with  them. 

(3)  Next  come  the  compounds  which  are  richer  in  carbon  than  the 
fatty  substances,  and  which  are  not  converted  into  such  by  the  addition 
of  hydrogen.  These  are  again  subdivided  into  several  groups,  amongst 
which  that  of  the  aromatic  compounds  has  been  most  fully  investi- 
gated. They  are  so  arranp^pd  that  all  the  compounds  containing  the 
same  number  of  carbon  atoms  in  the  molecule  are  placed  together. 

Tlie  last  group  consists  of  a  number  of  compounds  existing  in 
plants  and  animals,  the  constitution  of  which  is  not  yet  known. 
Most  of  them  have  a  very  complicated  constitution,  and  exhibit  only 
a  few  relations  to  compounds  of  known  structure. 
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CYANOGEN  COMPOUNDS. 

Carbon  and  nitrogen  do  not  combine  directly ;  but  when  nitrogen 
is  passed  over  a  white-hot  mixture  of  charcoal  and  an  alkali  or  an 
alkaline  carbonate,  combination  takes  place,  and  a  metallic  cyanide  is 
formed : — 

N,  +  C,  +  K2CO3  =  2KCN     +  3C0 
Ng  +  C3  +  BaO      =  Ba(CN)2  +  CO 

Cyanides  are  formed  much  more  abundantly  when  nitrogenous 
carbon  compounds  are  heated  with  alkalis,  and  this  is  the  principal 
method  by  which  potassium  cyanide  is  prepared  on  a  large  scale. 
This  compound  forms  the  starting  point  for  the  preparation  of  other 
cyanogen  compounds,  amongst  which  prussic  acid,  prussian  blue,  and 
prussiate  of  potash  are  best  known.  All  these  compounds  contain  the 
monad  group  CN,  in  which  the  three  combining  units  of  nitrogen 
are  saturated  with  three  of  tetrad  carbon ;  this  radical  has  been  called 
cyanogen  {Kvav6<:  blue),  and  it  is  contained  in  a  large  number  of  com- 
pounds, of  which  the  following  are  examples  : — 

Cyanogen  Hydride     .  CNH  Cyanamide    ....    CN.NHj 

Cyanogen  Chloride     .  CNCl  Potassium  Cyanide     .    CNK 

Cyanogen  Sulphide    .  (CN),S  cicyanoaen  i  ^^ 

Cyanic  Acid      .     .     .  CN.OH  i^icyano^en  •     •     •     •    |  qn 

Besides  these  simple  compounds  we  also  know  a  number  of  poly- 
meric modifications : — 

Cyanuric  Chloride C3N3CI3 

Cyanuric  Acid C3N3(OH)3 

Cyanuric  Amide C3N3(NH2)3 

These  compounds  contain  the  triad  radical  C3N3,  which  has  probably 
the  following  constitution : — 

— C=N— C— 

\  // 

N       N 

\  / 
C 


The  metallic  cyanides  have  a  great  tendency  to  unite  with  one 
another  to  form  double  cyanides ;  in  some  of  these  salts  the.  heavy 
metal  cannot  be  detected  by  the  usual  reagents ;  being  contained  in 
them  in  a  mode  of  combination  different  from  that  exhibited  in  other 
salts.  The  most  important  of  them  are  Potassium  Ferrocyanide 
!Fe(CN)gK^,  and  Potassium  Ferricyanide  Fe(CN)gK3. 

When  these  salts  are  acted  upon  by  hydrochloric  acid,  the  potassium 
is  replaced  by  hydrogen,  and  the  compounds  Hydric  Ferrocyanide 
Fe(CN)gH4  and  Hydric  Ferricyanide  Fe(CN)gH3  are  formed ;  both  of 
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wMcli  are  powerful  acids.  The  constitution  of  these  compounds 
may  be  explained  by  means  of  the  quantivalence  of  iron,  which  is  a 
tetrad,  and  forms  two  series  of  compounds — ferrous  compounds,  which 
contaiii  two  atoms  of  iron  as  a  tetrad  group,  and  ferric  compounds,  in 
which  two  atoms  of  the  metal  are  combined  forming  a  hexad  group, 
thus  : — 

Fe=-Clj  Fe=Cl. 

Ferrous  Chloride  ||  Ferric  Chloride   | 

Fe=CU  Fe=Cl^ 

If  in  ferrous  chloride  each  atom  of  chlorine  be  replaced  by  the  triad 
radical  C3N3,  the  octad  radical  Fcrrocyanogcn  is  obtained,  whilst  the 
hexad  radical  Fei^ricyaiwgcji  is  formed  by  4  C3N3  combining  with  the 
hexad  ferric  group,  thus : — 

Hydric  Ferrocyaiiide.  Hydrie  Ferricyanide. 

H,C3N,  C3N3H,  H2C3N3  C3N3H 

V      ^/  \        ^'^ 

Fe=Fe  Fe~Fe 

H,C3N3  C3N3H,  HC3N3^  \n3H, 

The  formulse  given  above,  and  which  are  those  generally  used  for 
their  simplicity,  represent,  as  we  now  see,  only  half  a  molecule. 


CN 
CYANOGEN  GAS   OK  DICYANOGBN   C2N2  =  | 

CN 

This  gas,  wliich  occurs  in  small  quantities  in  the  gases  of  iron  blast 
furnaces,  is  obtained  by  the  action  of  heat  on  the  cyanides  of  mercury, 
silver,  or  gold,  and  is  best  prepared  by  heating  dry  mercuric  cyanide 
in  a  tube  or  retort  of  hard  glass,  and  collecting  the  gas  over  mercury. 
It  is  colourless,  has  a  pimgent  smell  like  prussic  acid,  and  is  poisonous. 
Cyanogen  gas  condenses  to  a  liquid  imder  a  pressure  of  about  4 
atmospheres,  or  by  exposure  to  extreme  cold  under  the  ordinarj' 
pressure ;  it  boils  at  —  21°,  and  solidifies  at  —  34''  to  a  radiated  icy 
mass.  It  burns  with  a  beautiful  purple  flame,  forming  nitrogen  and 
carbonic  dioxide.  Cold  water  absorbs  4 — 5  vol.  of  the  gas,  and  it  is 
also  freely  soluble  in  alcohol.  These  solutions  soon  assimie  a  brown 
colour ;  after  some  time  a  brown  powder  is  deposited,  and  the  aqueous 
solution  now  contains  carbon  dioxide,  ammonia,  urea,  and  a  large 
quantity  of  ammonium  oxalate  : — 

C^K,  +  411,0  =  C.,0,  (NHJ, 

\\Tien  the  gas  is  i)assed  into  strong  hydrochloric  acid,  or  when  a 
small  quantity  of  aldehyde  is  added  to  its  aqueous  solution,  it  takes 
up  only  2  molecules  of  water,  oxamide  being  formed : — 

C.N.,  +  2H.0  =  C.OgCNHa), 

C  "  E 
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By  the  inverse  reactioD,  that  is  by  taking  the  elements  of  wat^r 
out  of  ammonium  oxalate  and  oxamide,  which  may  bo  done  by  heating 
them  with  phosphorus  pcntoxide,  cyanogen  gas  is  again  formed 

Potassium  combines  directly  with  cyanogen  gas  under  the  influence 
of  heat,  and  by  passing  the  gas  into  potash  solution  or  over  red-hot 
potassium  carbonate,  a  mixture  of  cyanide  and  cyanate  is  formed  : — 

CjN,  +  K2CO3  =  CNK  +  CNOK  +  CO.^ 

In  the  preparation  of  cyanogen  a  brown  powder  is  Left  behind 
which  is  a  polymeric  modification  of  the  gas,  and  is  called  j^^'^^^- 
-ei/anogen.  By  continued  application  of  heat  this  body  is  completely 
transformed  into  gaseous  cyanogen. 


HYDROGEN   CYANIDE,    HYDROCYANIC  OR  PRUSSIC   ACID   CNH. 

This  compound  is  formed  by  replacing  the  metal  in  metallic 
i;yanides  by  hydrogen,  and  may  be  obtained  by  acting  on  potassium 
cyanide  with  a  dilute  acid,  or  by  decomposing  mercuric  cyanide  with 
hydrogen  sulphide.  It  is,  however,  best  prepared  by  heating  a  mixture 
of  10  parts  of  coarsely  powdered  potassium  ferrocyanide  with  a  per- 
fectly cold  mixture  of  7  parts  of  sulphuric  acid  with  (according  to  tlie 
strength  of  the  prussic  acid  required)  14—40  parts  of  water.  The 
flask  must  be  connected  with  a  good  condenser,  the  lower  end  of 
which  dips  under  water  contained  in  a  receiver.  To  prepare  the 
anhydrous  acid,  the  sulphuric  aciil  is  diluted  with  twice  its  weight  of 
water,  and  the  vapour  after  having  passed  a  U  tube  which  is  filled 
with  calcium  chloride,  and  immersed  in  water  of  30°,  is  condensed  in 
a  vessel  surrounded  by  a  freezing  mixture. 

Pure  hydrocyanic  acid  is  a  colourless  liquid,  boiling  at  26T)',  and 
solidifymg  at  —  15°  to  a  mass  like  ice.  It  is  excessively  poisonous, 
a  drop  producing  instant  death  when  swallowed,  and  the  inhalation 
of  its  vapour  is  like^Wse  instantly  fatal.  It  has  a  peculiar  odour,  and 
its  vapour  when  diluted  with  air  produces,  when  inhaled,  a  peculiar 
irritation  in  the  throat.  It  dissolves  in  water,  alcohol,  and  ether,  in 
aU  proportions,  and  is,  as  well  as  its  concentrated  aqueous  solution, 
inflammable,  burning  with  a  purple  flame. 

The  anhydrous  acid  soon  undergoes  spontaneous  decomposition; 
giving  off  ammonia,  and  leaving  a  browTi  residue.  It  suffers  the  same 
decomposition  in  an  aqueous  solution,  a  part,  however,  being  con- 
verted into  ammonium  formats.  This  decomposition  is  almost  en- 
tirely prevented  by  the  presence  of  a  small  quantity  of  formic  or  a 
mineral  acid ;  but  when  it  is  mixed  with  strong  acids,  water  is  taken 
up,  and  ammonia  and  formic  acid  are  produced.  On  the  other  hand, 
when  ammonium  formate  is  heated,  it  splits  up  into  water  and  prussic 
acid : — 

NH.COjH  =  2H2O  +  NCH 
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Hydrocyanic  acid  is  also  formed  by  passing  the  electric  discharge 
through  a  mixture  of  acetylene  and  nitrogen,  thus  : — 

C2H2  +  N2  =  2NCH 

Hydrocyanic  acid  is  used  as  a  medicine,  and  is  contained  in  certain 
officinal  preparations  such  as  laurel  water,  bitter  almond  water,  &c , 
which  are  obtjdned  by  distilling  the  leaves  of  the  common  laurel,  or 
bitter  almonds  with  water.  These  plants  do  not  contain  the  prussic 
acid  ready  formed ;  but,  in  common  with  most  of  the  plants  of  the 
same  family,  contain  amygdalin,  a  complicated  compound  which, 
under  certain  circumstances,  splits  up  into  sugar,  oil  of  bitter  almonds, 
and  prussic  acid. 

To  estimate  tlie  quantity  contained  in  these  preparations,  to  a 
measured  or  weighed  quantity  an  excess  of  potash  solution  is  added, 
and  then  by  means  of  a  burette  a  solution  of  silver  niti*ate  containing 
63  grams  in  one  litre.  The  silver  solution  is  added,  until  a  perma- 
nent precipitate  appears ;  each  cb.cm.  corresponds  to  two  milligrams 
of  anhydrous  prussic  acid.  In  this  reaction  the  double  cyanide 
AgCN  -f  KCN  is  formed,  which  is  not  decomposed  by  alkalis,  and  is 
soluble  in  water ;  but  as  soon  as  exactly  half  the  quantity  of  prussic 
acid  present  is  converted  into  silver  cyanide,  one  drop  more  of  the 
silver  solution  will  produce  a  permanent  precipitate  of  silver  cyanide. 

To  detect  hydrocyanic  acid,  as  in  cases  of  poisoning,  the  suspected 
matter  is  acidulated  with  tartaric  acid,  and  the  prussic  acid  distilled 
off  by  means  of  a  water  bath.  The  distillate  is  made  alkaline  with 
caustic  soda,  and  a  mixture  of  a  ferrous  and  ferric  salt  (a  solution  of 
ferrous  sulphate  oxidised  by  exposure  to  the  air)  is  added,  and  then  an 
excess  of  hydrochloric  acid;  prussian  blue  remains  undissolved  if 
prussic  acid  is  present ;  if  the  quantity  contained  is  very  small,  the 
solution  appears  first  of  a  green  colour,  and  on  standing  deposits  dark 
blue  flakes.  When  dilute  prussic  acid  is  mixed  with  yelloio  ammo- 
nium sidphide,  and  the  liquid  evaporated  over  a  water  bath,  am- 
monium sulphocyanate  is  formed ;  the  presence  of  this  body  is  made 
known  by  means  of  ferric  chloride,  which  produces  a  deep  blood-red 
coloration. 

METALLIC    CYANIDES. 

Potassium  Cj/anide  KCN. — The  different  modes  of  formation  of  this 
salt  have  already  been  mentioned;  it  is  often  produced  in  large 
quantities  in  the  blast  furnaces  in  which  iron  ores  are  smelted  with 
coke  or  coal.  Pure  potassium  cyanide  is  obtained  by  passing  the 
vapour  of  prussic  acid  into  an  alcoholic  solution  of  potash ;  the  salt, 
being  but  slightly  soluble  in  alcohol,  crystallizes  out  in  cubes.  Tlie 
pure  compound  is  also  formed  by  the  ignition  of  potassium  ferro- 
cyanide,  which  is  decomposed  at  a  red  heat  into  potassium  cyanide, 
iron  carbide,  and  nitrogen  : — 

Fe(CN)oK,  =  4KCN  +  FeC^  +  N, 

K  2 
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The  commercial  product  is  prepared  by  fusing  the  ferrocyaiiide 
with  potassium  carbonate : — 

re(CN)oK^  +  K0CO3  =  5KCN  +  KOCN  +  Fe  +  CO. 

On  heating  the  mixture,  carbon  dioxide  escapes,  and  the  iioii 
separates  in  the  form  of  a  spongy  mass,  from  which  the  fused  cyanide 
is  poured  off'.  The  salt  thus  obtained  is  mixed  with  some  cyanativ 
the  presence  of  which,  however,  is  of  little  or  no  consequence  for 
most  of  the  purposes  for  which  potassium  cyanide  is  used. 

Potassium  cyanide  is  largely  used  as  a  chemical  reagent,  in  gal- 
vanic silvering  and  gilding,  and  in  photography,  &c.  It  is  very 
soluble  in  water,  sparingly  in  cold,  more  so  in  hot  alcohol.  At  a  red 
heat  it  fuses  to  a  clear  liquid,  which  slowly  takes  up  oxygen  from  the 
air.  This  takes  place  more  quickly  in  presence  of  metallic  oxides, 
the  cyanide  being  converted  into  the  cyanate ;  on  tliis  account  it  is 
used  as  a  reducing  agent  in  blow-pipe  experiments.  On  fusing  it 
with  sulphur,  potassium  sulphocyanide  is  formed,  KSCN.  Potassium 
cyanide  is  decomposed  by  the  weakest  acids,  even  by  moist  carbon  di- 
oxide ;  it  therefore  smells  of  prussic  acid,  and  is  as  dangerous  a  poison. 

Sodium  Cyanide  NaCN  crystallizes  likewise  in  cubes,  and  has  the? 
greatest  resemblance  to  the  potassium  salt. 

Amvionium  Cyanide  NH^CN  is  formed  by  the  direct  union  of  am- 
monia and  prussic  acid,  and  can  also  be  obtained  by  heating  a  mixture 
of  sal-ammoniac  and  potassium  cyanide  in  a  retort  connected  with  a 
well-cooled  receiver.  It  crystallizes  in  cubes,  smells  strongly  of  am- 
monia and  i)russic  acid,  and  boils  at  3G°.  Its  vapour  is  inflammable, 
and  bums  with  a  yellow  flame.  It  is  a  very  unstable  compound, 
gradually  changing  into  a  brown  matter,  a  decomposition  which  takejv 
place  more  quickly  in  the  moist  state. 

Silver  Cyanide^  AgCN. — Soluble  cyanides  produce  in  a  solution  of 
silver  nitrate  a  white  precipitate  of  silver  cyanide,  resembling  silver 
chloride  ;  it  is  insoluble  in  dilute  nitric  acid,  but  dissolves  readily  in 
ammonia  and  in  potassium  cyanide,  from  which  solution  the  double 
salt,  AgCN  +  KCN,  can  be  obtained  in  octahedrons  on  evaporation. 
This  salt  is  used  for  electro-silvering. 

Ziiie  Cyanide,  Zn(CN)2  is  obtained  as  a  white  precipitate  by  adding 
potassium  cyanide  to  a  solution  of  a  zinc  salt;  it  is  soluble  in  an 
excess  of  potassium  cyanide. 

Nivlxcl  Cyanide  Ni(CN)2. — Nickel  salts  are  precipitated  by  potas- 
sium cyanide ;  the  apple-green  precipitate  produced  is  readily  soluble 
in  an  excess  of  potassium  cyanide  solution,  forming  the  double  salt, 
Ni(CN').2  +  2KCN ;  by  adding  hydrochloric  acid  to  a  solution  of  this 
salt,  nickel  cyanide  is  again  precipitated. 

Cobalt  Cyanide  Co(CN)2  is  a  brownish  red  precipitate,  which  also 
dissolves  easily  in  an  excess  of  potassium  cyanide.  When  this  solu- 
tion is  slightly  acidulated  and  boiled,  hydrogen  is  given  off,  and  potas- 
sium cobalticyanide  is  formed  : — 

2Co(CN)2  +  GKCN  +  2HCN  =  Co2(C3N3),Ke  +  H, 


THE  CARBON  COMPOUNDS,  63 

The  solution  thus  obtained  is  not  precipitated  by  hydrochloric  acid, 
and  this  reaction  is  therefore  used  for  the  separation  of  cobalt  from 
nickel. 

Mercuric  Cyanide  Hg(CK)2  is  obtained  by  dissolving  mercuric 
oxide  in  aqueous  prussic  acid,  or  by  boiling  this  oxide  witli  prussian 
blue  and  water.  It  crystallizes  in  colourless,  quadratic  prisms,  and  is 
very  poisonous. 

Cyanides  of  Gold. — On  precipitating  a  solution  of  gold  trichloride 
with  ammonia  and  dissolving  the  precipitate  in  a  solution  of  potassium 
cyanide,  the  double  salt  Au2(CX)2  +  2KCX  is  formed,  which  is 
used  for  electro-gilding.  If  a  neutral  solution  of  gold  trichloride  is 
added  to  a  hot  solution  of  potassium  cyanide  the  salt  Au(CN)3+KCN 
13  formed,  which  crystallizes  on  cooling,  forming  colourless  cry^stals. 

Nitrocyanidc  of  Titanium  Ti(CN)«+3  TigX^. — This  remarkable  com- 
pound, which  was  formerly  believed  to  be  metallic  titanium,  occurs 
as  a  furnace  product  in  the  form  of  opaque  copper-coloured  cubes  in 
iron  blast  furnaces. 

The  same  compound  is  obtained^by  exposing  a  mixture  of  potassium 
ferrocyanide  and  titanic  dioxide  to  a  strong  white  heat.  When  this 
body  is  heated  to  redness  in  a  current  of  steam,  titanic  dioxide  is 
formed  with  the  evolution  of  hydrogen,  ammonia,  and  hydrocyanic 
acid : — 

Ti(CN)2  +  STiaX,  +  2OH2O  =  lOTiOg  +  lOIIg  +  2CNH  +  6NH3 


FERROCYANIDES   AND   FERRICYANIDES. 

The  constitution  of  these  compounds  has  already  been  discussed. 
Of  the  two  isomeric  radicals,  ^62(031^3)^,  Ftrrucyanogen  is  an  octad 
and  Fcrricyanogcn  a  hexad.  We  shall,  however,  in  the  following 
jKiges  use  the  simplest  formula)  and  express  half  the  molecule  of 
ferrocyanogen  by  Cfy,  and  half  that  of  Fcrricyanojen  by  Cfdy,  whilst 
Ft*,  will  stand  for  ferrous  and  Fe^  for  ferric  iron. 

Potassium  Ferrocyanide  K^Cfy  can  be  obtained  by  mixing  solutions 
of  potassium  cyanide  and  ferrous  sulphate ;  a  brown  precipitate  is 
first  formed,  Fe2(CN)5K,  which  dissolves  in  an  excess  of  potassium 
cyanide,  forming  potassium  ferrocyanide : — 

Fe2(CN)5K  +  7KCN  =  Ye4il^^^;K^ 

This  compound,  commonly  known  by  the  name  of  yellow  pi*ussiate 
of  potash,  forms  the  starting  point  for  preparing  most  of  the  other 
<tyanogen  compounds,  and  is  prepared  on  the  large  scale  by  fusing 
together  crude  potashes,  iron  filings,  and  animal  matter  such  as  horns, 
lioofs,  hair,  blood,  leatlier  clippings,  or  the  charcoal  obtained  from 
them. 

The  products  fotmed  are  potassium  cyanide,  ferrous  sulphide,  and 
l>otassium-ferrous  sulphide  KgS+FeS ;  the  two  latter  originating  from 
the  sulphates  contained  in  potashes,  and  the  sulphur  existing  in  the 
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animal  matter.  By  exhausting  the  melt  with  water,  the  following 
reaction  sets  in : — 

6KCN  +  FcS  =  Fe(CN),K4  +  K,S 

By  employing  materials  free  from  sulphur  a  <<reater  yield  of  cyanide 
is  obtained.  Some  manufacturers  therefore  use  purified  potashes  and 
no  iron,  and  add  to  the  liquor,  ferrous  carbonate  wliich  lias  been 
freshly  precipitated  or  finely  powdered  si)athose  iron  : — 

6KCN  +  FeC03  =  Fe(GN),K,  +  (.'O3K, 

Potassium  ferrocyanide  crystallizes  from  its  concentrated  solution 
in  large  yellow  crystals,  containiug  3  mol.  of  water  of  crystallization, 
and  belonging  to  the  quadratic  system  (Fig.  8).     It  is  readily  soluble 

in  water,  and  is  not  poisonous;  when  given  in 
large  doses  it  acts  as  a  laxative.  The  crystals 
lose  their  water  at  100°,  and  are  converted  into 
a  white  powder.  Heated  to  a  dull  red  heat  it 
decomposes,  potassium  cyanide,  iron  carbide,  and 
free  nitrogen  being  formed.  Ferrous  salts  produce 
^^^'  ^'  in  its  solution  a  white  precipitate^  which  when 

exposed  to  the  air  rapidly  absorbs  oxygen,  and  turns  blue ;  ferric  salts 

produce  a  deep  blue  precipitate  having  the  composition  -^2  j-Cfy.^; 

this  compoimd  is  insoluble  in  salt  solutions,  but  dissolves  freely,  and 
with  a  beautiful  blue  colour,  in  water ;  it  loses  its  solubility  on  diyung 
it  at  110°  when  it  loses  water.  Its  aqueous  solution  is  not  changed 
by  ferric  salts,  but  on  addition  of  ferrous  sulphate  a  deep  blue  pre- 
cipitate is  formed,  potassium  being  replaced  by  dyad  iron  : — 

■§* }  Cfy,  +  FeSO,  =  ^| }  Cfy,  +  K,SO, 

This  compound  is  the  chief  constituent  of  prnssian  blue,  which  is 
obtained  by  precipitating  prussiate  of  potash  with  commercial  iron 
sulphate  (a  mixture  of  ferrous  and  ferric  sulphates),  and  washing 
the  precipitate  with  water  in  the  presence  of  air  or  chlorine  water, 
and  treating  it  with  dilute  hydrochloric  acid,  in  order  to  remove 
ferric  oxide  or  basic  iron  salts.  The  commercial  product  always 
contains  potassium,  and  appears  to  be  a  mixture  of  the  two  com- 
pounds described  above.  It  forms  blue  masses  having  a  conchoidal 
fracture  and  a  coppery  lustre.  It  is  insoluble  in  acids  with  the 
exception  of  oxalic  acid,  which  dissolves  it  with  a  fine  blue  colour; 
this  solution  is  used  as  a  blue  ink.  By  alkalis  it  is  decomposed,  a 
ferrocyanide  of  the  alkali-metal  being  formed. 

Hydric  Ferrocyanide  or  Hydroferrocyanic  Acid  CfyH^. — On  adding 
strong  hydrochloric  acid  to  a  concentrated  solution  of  potassium 
ferrocyanide,  a  white  precipitate  of  hydric  ferrocyanide  is  obtained, 
which  is  purified  by  pressing  between  blotting  paper,  dissolving  in 
spirits  of  wine,  and  pouring  on  this  solution  a  layer  of  ether ;  after 
some  time  the  pure  acid  separates  out  in  colourless  crystals.     On 
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muring  the  alcoholic  solution  with  ether,  the  comijoiind  is  precipi- 
tated as  a  crystalline  powder.  "WTien  exposed  to  the  air,  it  absorbs 
oxygen ;  prussic  acid  is  given  ofif,  and  prussian  bhie  formed ;  this 
change  takes  place  more  quickly  on  the  application  of  heat.  Ilydrio 
ferrocyanide  is  a  strong  acid  wliicli  decomposes  not  only  carbonate.s 
hut  also  acetates  and  oxalates.  On  boiling  its  a(jueous  solution  hydro- 
cyanic acid  is  given  off  and  a  white  precipitate  of  fenous  ferrocyanide 
Fe^Cfy  =  FcjCCN)^  is  formed  :— 

3H,(CN)g  =  12HCN  +  y%{^^h 

This  decomposition  occurs  in  the  preparation  of  prussic  acid  from 
potassium  ferrocyanide  and  dilute  sulphuric  acid. 

The  ferrocyanides  of  other  metals  are  either  sparingly  soluble  in 
water  or  insoluble,  and  are  therefore  obtained  as  precipitates  by  adding 
a  solution  of  potassium  ferrocyanide  to  solutions  of  metallic  salts ; 
potassium  ferrocyanide  is  for  this  reason  used  as  a  reagent.  Thus 
with  solutions  of  barium  salts  it  gives  a  crystalline  precipitate  having 
the  composition  BaKgCfy,  and  by  adding  a  solution  of  the  feno- 
cyanide  to  a  solution  of  copper  sulphate,  a  red  precipitate  of  coppei' 
ferrocyanide  CugCfy  is  formed  ;  whilst  by  adding  a  solution  of  a 
cupric  salt  to  an  excess  of  potassium  ferrocyanide  a  brown  precipitate 
CuKjCfy  is  obtained. 

Potassium  Ferncyanidc  KjCfdy. — This  compound,  commonly 
known  as  red  prussiate  of  potash,  is  prepared  by  ])assing  chlorine  into 
a  solution  of  potassium  ferrocyanide  : — 

K/CN),Fe  +  CI  =  KCl  -f  K3(0N)^,Fe 

Potassium  chloride  and  feiTicyanide  are  formed  and  separated  from 
one  another  by  cr3'stallization.  The  red  prussiate  crystallizes  in  large, 
dark  red,  monoclinic  prisms,  soluble  in  water  with  a  brownish  green 
colour.  By  reducing  agents  it  is  re-converted  into  a  ferrocyanide ; 
this  is  easily  effected  by  adding  potassium  amalgam  to  its  aqueous 
solution.  Its  alkaline  solution  is,  therefore,  a  powerful  oxidizing 
agent;  it  converts  chromic  oxide  into  chromic  acid,  and  manganese* 
inonoxide  into  the  dioxide : — 

r)K,(CN)^jFe  -f  lOHOK  +  Cr.,()3  =  OK,(CN),Fe  -f  2K2CrO,  +  ^H.O 

Ferric  salts  are  not  precipitated  by  the  addition  of  potassium  feni- 
cyanide,  the  solution  only  assumes  a  dark  brown  colour  ;  but  with 
ferrous  salts  it  produces  a  dark  blue  precipitate,  called  TurnhulVs 
blue,  which  is  generally  considered  to  consist  of  ferrous  fcrricyanidr 
Fe,(Cfdv)2.     This    precipitate,   however,  has   the  same   composition 

Fe   I 

and  the  same  properties  as  the  compound  -p^  i  Ofyg,  which,  as  we 

have  seen,  forms  the  chief  constituent  of  pnissian  blue,  and  it  appeai-s 
highly  probable  that  the  two  compounds  are  identical.  Its  formation 
18  easily  explained.  By  bringing  together  ferricyanide  of  potassium 
and  a  ferrous  salt,  a  part  of  the  latter  is  oxidized,  a  ferric  salt  being 
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formed  and  a  ferrocyanide,  from  which  the  mixture  of  the  two  iron 
salts  then  precipitates  prussian  blue: — 

2K5(CN)oFe  +  SFeCl^  +  HgO  =  2HK3(CN)cFe  +  FeO  +  FegCl^  = 

*J| }.  (Fe(CN),),  +  H^O  +  6KC1 

Hydmc  Fcn^cyanide,  Hydroferricyanic  Acidy  HgCfdy. — To  pre- 
pare this  acid  a  solution  of  red  prussiate  of  potash  is  precipitated  with 
acetate  of  lead,  and  the  precipitate,  after  washing,  decomposed  by 
dilute  sulphuric  acid.  On  evaporating  the  filtrate,  the  acid  crj'stal- 
lizes  in  brown  needles,  which  have  a  sour  and  astringent  taste. 
Exposed  to  the  air  they  give  off  prussic  acid,  and  assume  a  blue 
colour. 

NITROPRUSSIDES. 

By  adding  a  solution  of  potassium  nitrite  to  the  precipitate,  pro- 
duced by  adding  potassium  cyanide  to  a  solution  of  ferrous  sulphate, 
potassium  nitrojmisside  is  formed,  according  to  the  following  equa- 
tion : — 

KFegCy^  +  KNO^  =  K^FeCy^NO  +  FeO 

An  excess  of  the  nitrite  at  the  same  time  oxidizes  the  ferrous  oxide 
to  ferric  oxide.  The  nitropnissides  are  distinguished  by  their  fine 
red  colour;  the  sodium  salt,  which  crystallizes  the  best  of  all,  is  gene- 
rally prepared  from  potassium  ferrocyanide,  by  heating  it  with  dilute 
nitric  acid,  until  the  solution  no  longer  gives  with  ferrous  sulphate  a 
blue  but  a  slate-coloured  precipitate.  During  this  reaction  gases  are 
evolved,  containing  nitrogen,  carbon  dioxide,  cyanogen,  and  hydro- 
cyanic acid.  On  cooling  the  solution,  potassium  nitrate  crystallizes 
out,  the  mother  liquor  is  neutralized  with  sodium  carbonate,  the  solu- 
tion concentrated  by  evaporation,  and  the  nitroprusside  separated  from 
potassium  and  sodium  nitrate  by  crystallization. 

Sodium  Nitroprusside  NagFeCy^NO  forms  ruby-red  crystals.  Its 
aqueous  solution  gives  with  alkaline  sulphides  an  intense  purple 
coloration,  which  soon  disappears ;  it  is  therefore  used  as  a  reagent 
for  the  detection  of  soluble  sulphides ;  free  hydrogen  sulphide  is  not 
coloured  by  it. 

PLATINOCYANIDES. 

By  suspending  a  mixture  of  barium  carbonate  and  platinum 
dichJoride  in  boiling  water,  and  passing  hydrocyanic  acid  through 
the  liquid,  barium  platinocyanide  is  fonned,  which,  on  cooling, 
crystallizes  in  large  monoclinic  prisms,  Pt(CN)4Ba  -f  4H2O.  This 
salt,  like  all  other  soluble  platinocyanides,  is  remarkable  for  the 
beautiful  colours  which  it  exhibits,  the  cr}'stals  appearing  green 
when  viewed  along  the  principal  axis,  sulphur-yellow  at  right  angles 
to  it,  and  in  reflected  light  the  faces  of  the  crystals  exhibit  a  blue 
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violet  lustre.  By  decomposing  this  salt  with  the  sulphates  of  the 
other  metals  the  whole  series  of  platinocyanides  can  be  obtained, 
amongst  which  the  vi(ijncsm7)i  salt  Pt(CN)^  !Mg  +  IJTfi  is  one  of 
the  most  beautiful ;  it  forms  fine  large  square  prisms,  of  a  deep  red 
colour  by  transmitted  light;  but  when  viewed  by  reflected  light  the 
sides  of  the  prisms  exhibit  a  brilliant  bectle-gi-ecn,  and  their  ex- 
tremities a  deep  blue  or  jmrple  colour.  On  adding  sulphuric  acid  to 
a  solution  of  the  platinum  salt,  hydrogen  platinocijanide  Pt(CN)^H2  is 
obtained,  which  crystallizes  from  a  concentrated  solution  in  long 
prisms,  having  a  splendid  vermilion  colour,  accompanied  by  a  blue 
iridescence. 


COMPOUNDS   OF   CYANOGEN   WITH   THE   HALOID   ELEMENTS. 

Cyanogen  Chloride  CNCl. — To  prej)are  this  compound  chlorine  is 
passed  in  the  absence  of  light  into  a  mixture  of  one  part  of  an- 
hydrous hydrocyanic  acid,  and  five  parts  of  water,  the  vessel  being 
surrounded  by  a  freezing  mixture.  Cyanogen  chloride  separates  out 
as  a  mobile  colourless  liquid,  heavier  than  water.  It  possesses  a  very 
irritating  odour,  attacking  the  eyes  and  producing  a  copious  flow  of 
tears;  it  boils  at  15*5^  and  solidifies  at  — 5^  Tlie  pure  compound 
may  be  kept  for  years  without  undergoing  any  change,  but  in  the 
impure  state  it  very  soon  changes  into  the  polymeric  cyanuric 
chloinde. 

Cyanogen  Bromide  CNBr  is  a  very  volatile  solid  body,  subliming 
in  needles,  soon  changing  however  into  cubes;  it  smells  like  the 
chloride. 

Cyanogen  Iodide  CNI  is  easily  obtained  by  heating  an  intimate 
mixture  of  mercuric  cyanide  and  iodine.  It  forms  fine  colourless 
needles,  and  has  a  pungent  smell.  It  is  frequently  found  in  large 
quantities  in  commercial  iodine. 

Cyanuric  Chloride  (03X3)013. — This  compound  is  formed  as  already 
mentioned  by  the  polymerisation  of  cyanogen  chloride,  and  is  also 
obtained  by  acting  in  simlight  with  chlorine  on  anhydrous  hydrocyanic 
acid  or  its  solution  in  ether.  It  crystallizes  in  shining  needles  or 
scales,  which  melt  at  145**  and  boil  at  190".  Its  odour  is,  especially 
on  heating,  pungent  and  producing  a  flow  of  tears. 


CYANIC   ACID   AND   CYANATES. 


Metallic  cyanides  readily  absorb  oxygen,  cyanates  being  formed. 
To  prepare  potassium  cyanate  KOON,  prussiate  of  potash  and  potassium 
carbonate  are  fused  together,  and  red  lead  is  gradually  added.  The 
melt  is  exhausted  with  hot  spirits  of  wine;  from  this  solution  the 
salt  crystallizes  on  cooling,  in  needles  or  plates.     It  is  readily  soluble 
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in  water;  this  solution  soon  undergoes  decomposition,  ammonia  and 
acid  potassium  carbonate  being  formed : — 

KOCN  +  2H2O  =  KHCO3  +  NH3 

Cyanic   Acid     tt  t  0. — Cyanates  are  readily  decomposed  by  dilute 

acids,  but  the  cyanic  acid  at  the  same  time  takes  up  water,  and  carbon 

dioxide  and  ammonia  are  formed.      Tlierefore  on  adding  a  dilute  acid 

to  potassium  cyanate  effervescence  takes  place,  carbon  dioxide  being 

given  off,  which  has  a  pungent  smell,  due  to  the  presence  of  a  trace 

of  cyanic   acid.     By   acting   on  a   cyanate   with   dry  hydrochloric 

acid,  cyanic  acid  is  set  free,  which,  however,  at  once  combines  with 

hydrochloric  acid   to  form  the  compound  HCl.HOCN,  a  colourh^ss 

liquid,  fuming  in  the  air.     From  this  compound  also  it  is  impossible 

to  isolate  cyanic  acid  because   it  at  once   changes   into   polymeric 

cyanuric  acid  (CN)3(OH)3.  There  is  only  one  reaction  by  which  cyanic 

acid  can  be  obtained,  and  this  is  by  the  decomposition  of  cyanuric  by 

heat,  when  it  splits  up  into  3  mol.  of  cyanic  acid,  the  vapours  of  which 

Qiust  be  condensed  by  means  of  a  freezing  mixture.     Cyanic  acid  is 

a  colourless  mobile  liquid  with  a  most  pungent  smell.     On  taking  the 

vessel  containing  it   out  of  the  freezing  mixture   the  liquid  soon 

becomes  turbid  and  hot,  and  with  a   crackling   noise,  or  in   large 

quantities  with  explosive  ebullitions,  is  soon  converted  into  a  white 

porcelain-like  mass,  a  polymeric  modification,  called   cyamelide,  the 

molecular  weight  of  which  is  unknown.     On  heating  cyamelide  it  is 

reconverted  into  cyanic  acid. 

Of  the  cyanates  the  most  interesting  salt  is  the  ammonium  cyanate 

CN  ) 
-jg^   >-0,  obtained  as  a  wlute  crystalline  mass,  by  mixing  the  vapour 

of  diy  cyanic  acid  with  dry  ammonia.  The  freshly  prepared  aqueous 
solution  gives  the  reactions  of  cyanic  acid  and  ammonia,  but  on 
standing  for  some  time,  or  on  heating,  the  ammonium  cyanate  is 
transformed  into  the  isomeric  carbamide  or  urea,  CO(NH2)2.  The 
dry  salt  also  undergoes  the  same  transformation  on  heating. 

Cyanuric  Acid  (CN)3(OH)3. — On  heating  carbamide  it  behaves  like 
the  ammonium  salt  of  this  acid,  splitting  up  into  ammonia  and 
cyanuric  acid.  The  best  method  for  preparing  this  compound  is  to 
pass  dry  chlorine  over  fused  carbamide  ;  nitrogen,  hydrochloric  acid, 
and  vapours  of  sal-ammoniac  are  given  off,  and  a  residue  is  left,  which 
is  exhausted  with  cold  water  to  remove  ammonium  chloride,  and  the 
remaining  cyanuric  acid  is  crystallized  from  boiling  water.  Cyanuric 
acid  is  cdso  formed  by  boiling  cyanuric  chloride  with  a  solution  of 
caustic  potash.  It  crystallizes  in  clear  monoclinic  prisms  (CN)3(OH)3 
-f  2H2O.  When  exposed  to  the  air  it  loses  water,  and  cnimbles  into 
a  white  powder.  It  is  a  tribasic  acid ;  of  its  salts  the  sodium  salt 
is  most  characteristic,  from  the  fact  that  it  is  only  sparingly  soluble 
in  a  hot  concentrated  solution  of  caustic  soda,  and  therefore  separates 
in  fine  needles   on  heating  a   cold  saturate  solution.     By  adding 
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an  animoniacal  solution  of  copper  sulphate  to  an  aqueous  solution 
of  cyannric  acid,  a  crystalline  violet  precipitate  is  formed,  having  the 
formula : — 


};]lCu(NH3), 


SULPHOCYANIC    ACID    AND    SULPH0CYANATE8. 

Potassium  Sulphocyanaic     ^  ^  S. — To  prepare  this  salt,  anhydrous 

potassium  ferrocyanide,  potassium  carbonate,  and  sulphur  are  fused 
together,  and  the  melt  exhausted  with  spirits  of  wine.  On  evapora- 
ting this  solution  the  salt  crystallizes  in  large  colourless  prisms.  It 
is  very  readily  soluble  in  water,  the  temperature  being  at  the  same 
time  so  much  lowered  that  it  is  sometimes  used  as  a  freezing  mixture. 
On  mixing  500  grams  with  400  grams  of  cold  water  the  temperature 
goes  down  to  —  20°. 

CN  1 
Ammonium  Snlplwcyanate  ^jr   !■  S,  is  ibnned  by  heating  prussic 

acid  with  yellow  ammonium  sulphide: — 

The  best  method  to  prepare  it  in  quantity  is  to  mix  carbon  disul- 
phide  with  alcohol  and  strong  aqueous  ammonium,  and  distil  the 
alcohol  oflF  after  some  time.  On  evaporating  the  residue  on  a  water 
bath  the  ammonium  sulphocyanate  crystallizes  out.  The  reaction 
which  takes  place  will  be  explained  under  sulphocarbonic  acid. 
Ammonium  sulphocyanate  crystallizes  in  colourless  deliquescent 
plates,  which  melt  at  147°,  and  readily  dissolve  in  water,  with  the 
production  of  cold.  When  heated  for  some  time  to  170°  it  is  trans- 
formed into  the  isomeric  sulphocarbamide. 

Sulphocijanates  of  Mercury. — The  two  nitrates  of  mercury  are  pre- 
fipitated  by  soluble  sulphocyanates.  The  mercuric  sulphocyanate  is 
decomposed  by  heat,  the  mass  swelling  up  and  leaving  a  very  volu- 
minous residue  behind.  It  is  used  for  the  preparation  of  the  so-called 
Pharaoh's  Serpents. 

CN ) 
fiulphocyanic  Acid     tj  j  S. — To  obtain  the  anhydrous  acid,  sulphu- 

i-etted  hydrogen  is  passed  over  heated  mercuric  sulphocyanato.  It  is 
a  colourless,  oily  liquid,  having  a  pungent  odour,  like  acetic  acid,  and 
solidifying  at  — 12*5°.  It  readily  undergoes  decomposition,  prussic 
acid  being  given  off,  and  a  yellow  crystalline  residue  left  behind, 
wldch  has  been  called  perstdphocyanic  acid  HgCgNgSj.  Aqueous 
Rulphocyanic  acid  can  be  obtained  by  distilling  potassium   sulpho- 
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cyanate  with  dilute  sulphuric  acid,  but  a  part  of  the  acid  easily 
undergoes  a  change  by  taking  water  up  and  forming  ammonia  and 
carbon  oxysulphide  COS,  a  decomposition  analogous  to  the  forma- 
tion of  ammonia  and  carbon  dioxide  from  cyanic  acid.  By  adding 
ferric  chloride  to  a  solution  of  sulphocyanic  acid  or  a  sulphocyanate 
tlie  liquid  assumes  a  deep  blood-red  colour.     Tliis  very  characteristic 

reaction  is  caused  by  the  toTnmiion  of  feme  snlphocyanidc  ^  '-^^^  >  Sg, 

a  salt  which  may  be  obtained  in  small  blackish  red  crystals  on  evai)o- 

rating  a  solution  of  ferric  hydroxide  in  sulphocyanic  acid. 

CN ) 
Cyanogen  SiUphidc  ^tr  ?•  S,   is  formed  by  heating  a  mixture  of 

cyanogen  iodide  and  silver  sulphocyanate  : — 

ON)     ,  CN)„  _     I\    ,  CNI^ 
l|  +Agr-Ag}  +CNr- 

It  sublimes  in  transparent  rhombic  plates,  which  smell  like 
cyanogen  iodide,  and  readily  dissolve  in  water,  alcohol,  and  ether.  By 
caustic  potash  it  is  decomposed  thus  : — 

Isosulphocijanatcs, — When  persulphocyanic  acid  is  treated  with  an 
alcoholic  solution  of  potash,  it  yields  potassium  isosulphocyanute, 
which  is  obtained  by  slow  evaporation  from  an  aqueous  solution  in 
hard  crystals  having  the  composition  CSNK  +  H^O.  This  body  may 
be  easily  ^distinguished  from  potassium  sulphocyanate  by  adding  to  its 
aqueous  solution  a  drop  of  ferric  cliloride,  a  brown  coloration  being 
produced,  which  disappears  again  on  adding  more  of  the  ferric  salts. 
When  the  isosulphocyanate  is  heated,  it  melts  and  undergoes  a  mole- 
cular change,  being  transformed  into  the  common  sulphocyanate. 

The  free  isosulphocyanic  acid  has  not  yet  been  obtained,  but  we  are 
acquainted  with  a  series  of , ethers  of  this  acid,  of  which  the  best 
known  is  oil  of  mustard  or  allyl  isosulpliocyanate,  having  the  con- 

f  CS 

stitution  ^"l  ri  Ti  >  ^^om  which  it  follows  that  isosulphocyanic  acid  is 

snlphocarhimidc  N'<  tj  . 


AMIDES    OF   CYANOGEN. 

CXI 
Cijanamidc     H  >N. — On  passing  gaseous  cyanic  acid  into  a  solu- 

tion  of  ammonia  in  ether,  ammonium  chloride  separates  out,  and  the 
solution  yields  on  evaporation  cyanamide  in  colourless  crystals,  whicli 
melt  at  40°  and  are  readily  soluble  in  water.  On  adding  nitric  acid 
to  its  aqueous  solution  it  is  converted  into  carbamide : — 
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Dicyanamide  orParameCJSA  trxj*^. — This  polymeric  modification 

is  formed  on  adding  ammonia  to  an  aqueous  solution  of  cyanamide 
when,  after  some  time,  the  parame  crystallizes  out  in  rhombic  plates, 
whicb  are  readily  soluble  in  water  and  alcohol,  and  sparingly  in 
ether;  it  melts  at  205^  By  evaporating  the  aqueous  solution,  in 
presence  of  an  acid,  dicyaiuliaminc  CgH^N^O  is  formed,  a  white 
crystalline  substance,  which  forms  with  water  a  strongly  alkaline 
solution,  and  combines  with  acids  forming  crystalline  salts. 

The  constitution  of  these  compounds  is  i)robably  the  following  : — 

Dicyaunmidc.  Dicynudiamine. 

NH„  CO.NHo      . 


C  NH 


N        N  C.NH., 

\  ^ 
C 

I 
NIL 


NH 


fNH, 
Ctfanunc  Amide  or  Mdaniinc  C3N3  <  NH,. — On  heating  cyanamide 

Lnh; 

to  150**  a  violent  reaction  sets  in,  melamine  being  formed,  which 
crystallizes  in  shining,  rhombic  octahedrons,  readily  soluble  in  water 
but  insoluble  in  alcohol  and  ether.  It  combines  like  ammonia  with 
acids,  forming  compounds  like  C3H3(NHo)3HCl. 

When  cyanuric  amide  is  boiled  with  dilute  nitric  acid  it  assimi- 
lates water,  ammonia  is  formed,  and  it  is  converted  successively  into 

Ammeline      ....     CaHr^NgO 
Ammelide      ....     C^H^N^Og 
Cyanuric  Acid    .    .     .     (.•jjH^NgOs. 

Ammeline  CgNg  \  Xtt  -  -  is  a  powder  insoluble  in  water,  alcohol, 

and  ether,  but  soluble  in  alkalies  and  acids,  and  forms  salts  which 
are  decomposed  by  water. 

Ammdidc  C^^  \  (r\Tj\    is  a  white  powder  which,  like  ammeline, 

dissolves  in  alkalis  and  acids,  but  does  not  combine  with  the  latter. 
Its  ammoniacal  solution  gives  with  silver  nitrate  a  white  precii)itate 

(  OH* 

having  the  composition  C3No(XHo)-<  ^. 

Phosplwrm  Tricyamdc  P(CX)o. — To  prepare  this  compound  silver 
cyanide  and  phosphorus  trichloride,   diluted  with  chloroform,   arc 
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heated  in  sealed  tubes.  After  cooling,  the  contents  of  the  tubes  are 
heated  in  a  retort,  through  which  a  current  of  carbon  dioxide  is 
passed;  at  160''  the  phosphorus  tricyanide  begins  to  sublime  in  lono" 
white  needles  or  plates.  On  gently  heating  them  in  the  air  they  take 
fire,  and  by  water  they  are  resolved  into  prussic  acid  and  phos- 
phoroiLs  acid  : — 

P(CN)3  +  3H,0  =  3CNH  +  J>03H3 


CARBONYL  AND  SULPHOCARBONYL  COMPOUNDS. 

The  dyad  mdical  carbonyl  CO  exists  in  the  free  state  as  carbon 
monoxide ;  it  is  a  non-saturated  compound  combining  directly  with 
several  elements  or  radicals,  forming  the  following  compounds : — 

(JO  0  /  Carbonyl  Oxide  or      ^^  (  OK     Hydric  Potassium 
I      Carbon  Dioxide.  ( OH  Carbonate. 

^^^{oK     CaSSate.  ^^'^  Carbonyl  Sulphide. 

CO  I  ^}       Carbonyl  Chloride    CO  |  ^j^*  Carbamide. 

The  sulphocarbonyl  compounds  contain  the  dyad  radical  sulpho- 
carbonyl  CS,  which  is  not  known  in  the  free  state,  but  from  which  the 
following  compounds  are  derived  : — 

CS.S     Sulphocarbonyl  sulphide  or  carbon  disulphide. 

.  ,^  f  SH      Sulphocarbonic         p^  f  SK     Potassium  Sulpho- 
^'^  t  SH  Acid.  ^^  ( SK  carbonate. 

/ici  (  01       Sulpliocarbonyl  ,,^  f  NH^  ^j  i  i         i       ., 

Carbon  Matioxidc  or  Carbonyl  CO. — This  gas  is  always  formed  by 
the  abstraction  of  oxj^gen  from  carbon  dioxide  or  carbonates  ;  thus  it 
is  obtained  by  passing  carbon  dioxide  over  red-hot  charcoal,  or  by 
heating  chalk  with  iron  or  zinc : — 

CO.  +  0    =  2C0 
CaCO.j  -f  Zn  =  CaO  +  ZnO  +  CO 

It  is  also  produced  by  heating  certain  metallic  oxides,  such  as  those 
of  iron,  zinc,  lead,  &c.,  with  charcoal,  and  further  occurs  as  a  pro- 
duct of  the  decomposition  of  several  carbon  compounds ;  for  instance, 
formic  acid  when  heated  with  strong  sulphuric  acid  is  resolved  into 
water  and  carbon  monoxide  : — 

COH|f)^CO  +  |j-0 
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By  acting  with  sulphuric  acid  on  oxalic  acid,  water  is  formed,  and  a 
mixture  of  equal  volumes  of  carbon  monoxide  and  dioxide  is  given 
oflF:— 

caoS  }  =  ^'^  -^  ^^^'^  +  «^-^ 

The  most  convenient  method  for  preparing  carbon  monoxide  is  to 
heat  coarsely  powdered  potassium  ferrocyanide  with  eight  times  its 
weight  of  commei-cial  sulphuric  acid ;  this  acid  contains  about  10 — 
16  per  cent,  of  water,  which  take  part  in  the  reaction.  In  the  first 
stage  prussic  acid  is  set  free,  which  by  the  action  of  the  sulphuiic 
acid  is  transformed  into  ammonia  and  formic  acid,  and  the  latter 
then  splits  up  into  water  and  carbon  monoxide.  The  final  reaction  is 
expressed  by  the  following  equation : — 

KA'C^Ng  +  GHgSO^  +  GHp  =  GCO  +  K^SO,  -f-  3(NH4)SO,  +  FeSO, 

Carbon  monoxide  is  a  colourless,  tasteless  gas,  which  has  not  yet 
been  condensed  to  a  liquid ;  its  specific  gravity  is  0*969.  It  is  but 
sparingly  soluble  in  water,  and  acts  as  a  strong  poison,  producing 
death  when  inhaled  even  in  small  quantities.  It  is  readily  inflam- 
mable, burning  with  a  characteristic  blue  flame,  and  it  acts  as  a  reducing 
agent  on  many  metallic  oxides,  which  when  heated  in  this  gas  part 
with  their  oxygen : — 

Fe^Oa  f  3C0  =  2Fe  +  SCO^ 

Chlorine  and  carbon  monoxide  combine  under  the  influence  of 
sunlight,  carbonyl  chloride  COClg  being  formed,  and  by  heating  carbon 
monoxide  with  caustic  potash  it  is  absorbed  with  the  formation  of 
potassium  formate : — 

It  also  combines  with  metallic  potassium;  from  the  compound 
CgOgKg  thus  produced  a  series  of  remarkable  acids  is  derived,  which 
will  be  described  later  on. 

Carbon  Dioxide  CO.,  is  always  produced  by  heating  carbon  or  carbon 
compounds  with  an  excess  of  oxygen,  and  is  also  formed  by  different 
processes  of  slow  oxidation,  as  in  those  of  respiration,  putrefaction,  &c. 
It  exists  in  the  free  state  in  tlie  air  and  in  mineral  springs,  and  is 
emitted  in  large  quantities  from  the  craters  of  active  volcanoes  as  well 
as  from  fissures  in  districts  of  extinct  volcanic  action. 

To  prepare  pure  carbon  dioxide  a  carbonate  is  decomposed  by  an 
acid ;  calcium  carbonate  (chalk  or  marble)  and  hydrochloric  acid, 
or  sodium  bicarbonate  and  dilute  sulphuric  acid  being  usually 
employed. 

Carbon  dioxide  is  a  colom*less,  inodorous  gas,  possessing  a  pungent, 
slightly  acid  taste.  It  is  tolerably  soluble  in  water,  more  readily  in 
cold  than  in  warm,  and  is  found  in  all  spring  water,  which  owes  its 
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refreshing  taste  to  the  presence  of  this  gas ;  it  is  contained  in  larger 
quantities  in  soda-water,  champagne,  and  other  sparkling  drinks,  which 
have  been  saturated  with  this  gas  under  pressure. 

By  the  application  of  strong  pressure  or  by  exposure  to  a  veiy  Iom' 
temperature  it  is  condensed  to  a  mobile  liquid,  boiling  at  — 78°,  which 
on  rapid  evaporation  absorbs  so  much  heat  that  a  part  of  it  freezes  to 
a  snow-like  mass.  When  a  tube  containing  liquid  carbon  dioxide  is 
jJaced  in  liquid  ammonia  allowed  to  evaporate  very  quickly,  so  much 
cold  is  produced  that  the  carbon  dioxide  soHdifies  to  a  transparent  ice- 
like mass,  which  by  pressure  is  easily  divided  into  cubical  crystals. 
On  heating  potassium  or  magnesium  in  carbon  dioxide  a  carbonate 
is  formed  with  the  separation  of  finely  divided  carbon. 

Carbonic  Acid  and  Carbonates. — The  aqueous  solution  of  carbon 
dioxide  has  a  slight  acid  reaction,  and  may  be  considered  to  contain 
the  dibasic  carbonic  acid.  This  latter  body,  however,  has  not  yet  been 
isolated,  but  from  it  is  derived  a  series  of  salts,  called  carbonates  : — 

C0{0«    C„l»„i»Acid.  00  {«g    "^c'^^^^r"™ 

™{oi    """iSL^r'""   00{g}ca«ci«mC„booa.e, 

The  carbonates  of  the  alkaline  metals  are  soluble  in  wat<3r,  those 
of  the  other  metals  insoluble.  By  passing  carbon  dioxide  into  lime- 
water  or  baryta-water  a  w^hite  precipitate  is  formed,  a  most  characteristic 
reaction  of  carbon  dioxide. 

When  moist  carbon  dioxide  is  brought  in  contact  with  potassiimi 
formic  acid  is  produced : — 


2CO2  +  0  -{  §  +  Kg  =  CO  {  2k  +  ^^  { 


H 
OK 


When  carbon  dioxide  is  passed  over  strongly  heated  sodium  it  com- 
bines with  it  and  forms  sodium  oxalate  : — 

COp      Na      CO.ONa 

-f       =    I 
CO2      Na      CO.ONa 

Carbonyl  Chloride  COClo. — This  compound,  also  called  carbon  oxij- 
chloride  or  phosgene  gas,  is  obtained  by  exposing  a  mixture  of  equal 
volumes  of  pure  carbon  monoxide  and  dry  chlorine  in  large  whit^ 
glass  balloons  to  the  sunlight  (c^w?  and  yevdco).  In  preparing  it  a 
slight  excess  of  chlorine  is  used,  and  the  gas  after  combination  has 
taken  ])lace  is  jDassed  through  a  tube  filled  with  metallic  antimony, 
by  which  the  free  chlorine  is  absorbed.  Carbouyl  chloride  is  a  colour- 
less gas,  fuming  strongly  in  the  air,  and  possessing  a  most  unpleasant 
sufibcating  odour.  By  the  application  of  cold  it  is  condensed  to  a 
mobile  liquid  boiling  at  -f  8"* ;  it  is  heavier  than  water,  which,  however. 
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rapidly   acts    on    it,  carbon    dioxide   and   hydrocliloric  acid   being 
formed  : — 

COCl,  +  H,0  =  COj  +  2HC1 

Carbonyl  chloride  is  also  formed  by  heating  chloroform  with  potas- 
sium dichromate  and  an  excess  of  sulphnric  acid  : — 

2CHCI3  +  2Cr03  »  2COCI3  +  CI,  -f  H,0  +  Cr^Oj 

By  exposing  a  mixture  of  bromine  vapour  and  carbon  monoxide, 
to  the  sunlight  carbonyl  dibromide  COBr,  is  formed,  a  compound 
which  is  very  little  known. 

Carbamic  Add  CO  \  q^^  is   not  known   in    the  free  state  ;    its 

ammonium  salt  CO  \  Q^h  ^^  obtained  by  mixing  dry  carbon  di- 
oxide with  dry  ammonia.  It  is  a  white  solid,  which  is  very  volatile, 
being  decomposed  at  a  gentle  heat  into  its  constituents.  It  dissolves 
in  water,  forming  ammonium  carbonate.  Other  metallic  carbamates 
have  not  yet  been  obtained,  but  there  exists  a  series  of  ethers  of  this 
acid  or  compounds  containing  alcohol  radicals  in  the  place  of  the 
hydrogen  of  the  hydroxyl. 

Carbamide  or  Urea  CO  -j  -lyTTT*. — This  body  is  formed  when  carbonyl 
chloride  is  acted  upon  by  dry  ammonia : — • 


»{?! 


+  4NH3  =  ^<^  {  nh'  +  2NH,(n 


It  is  also  produced  when  ammonium  carl>onate  or  the  commercial 
sesquicarbonate  are  heated  to  130"*  to  140**  in  closed  tulles  : — 

^^  { oNft, = ^'0  {  nS: + «^-" 

Carbamide  occurs  in  the  urine  of  mammals,  birds,  and  reptiles,  and 
18  also  found  in  other  animal  liquids ;  it  was  known  for  a  long  time 
before  its  constitution  was  determined,  by  the  name  of  urea.  It  may 
be  obtained  from  urine  by  evaporating  it  to  the  consistency  of  a 
syrup,  and  adding  to  the  cold  residue  strong,  pure  nitric  acid,  which 
precipitates  urea  nitrate,  a  salt  easily  purified  by  recrystallization. 
Urea  is,  however,  most  conveniently  prepared  from  ammonium 
cyanate,  a  compound  which,  as  has  already  been  mentioned,  under- 
goes on  heating  a  remarkable  molecular  change,  being  transformed 
into  urea. 

To  obtain  it  by  this  method  eight  parts  of  anhydrous  potassium 

ferrocyanide  are  fused  with  three  parts  of  potassium  carbonate,  and 

*  fifteen  parts  of  red  lead  are  gradually  added.     The  cooled  moss  is 

exhausted  with  water,  and  the  solution  of  potassium  cyanate  is 

evaporated  with  eight  parts  of  ammonium  sulphate.     The  dry  residue, 

C  F 
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consisting  of  potassium  sulphate  and  urea,  is  treated  with  warm 
alcohol,  by  which  the  latter  compound  is  dissolved. 

Urea  can  be  reconverted  into  a  cyanate  ;  thus  on  evaporating  its 
aqueous  solution  with  silver  nitrate,  amuiouium  nitrate  and  silver 
cyanate  are  formed. 

Urea  crystallizes  in  colourless  needles  or  long  striated  prisms  ;  it  is 
readily  soluble  in  water  and  alcohol,  but  almost  insoluble  in  ether, 
and  has  a  cooling  taste  like  saltpetre.  Its  solution  has  a  neutral  re- 
action, yet  urea  has  marked  basic  properties,  combining  like  ammonia 
with  acids,  formiim  crvstalline  salts. 

Urea  Nitrate  {^0{]^YI,^,^^0.^  is  readily  soluble  in  water,  but  only 
sparingly  in  strong  nitric  acid,  and  is  therefore  obtained  as  a  crystalline 
precipitate  by  adding  nitric  acid  to  an  aqueous  solution  of  urea  ; 
from  water  it  crystallizes  in  long  prisms. 

Urea  Oxalate  2\G0(^}:l.^.^.(^.f>^\l^  is  obtained  as  a  white  crystalline 
precipitate  by  mixing  solutions  of  oxalic  acid  and  urea;  it  is  only 
sparingly  soluble  in  water. 

Urea  also  enters  into  combination  with  metallic  oxides  and  several 
salts.  Mercuric  nitrate  produces  in  a  solution  of  urea  a  white  precipi- 
tate having  the  composition  2CO(NH2)2  +  3HgO  +  ngCNOg)^.  This 
reaction  is  made  use  of  to  determine  the  quantity  of  urea  in  urine* 
Two  volumes  of  urine  are  mixed  with  one  volume  of  a  mixture  con- 
sisting of  equal  volumes  of  baryta- water  and  a  cold  saturated  solution 
of  barium  nitrate,  in  order  to  precipitate  the  phosphates  and  sulphates 
contained  in  urine.  To  15  cb.cm.  of  the  filtrate  (corresponding  to  10 
cb.cm.  of  urine)  a  solution  of  mercuric  nitrate  of  known  titre  is  added 
by  means  of  a  burette,  as  long  as  a  precipitate  is  formed.  The  end  of 
the  reaction  is  easily  recognized  by  adding  a  solution  of  sodium 
carbonate  to  a  drop  of  the  liquid,  which  assumes  a  yellow  coloration 
as  soon  as  a  slight  excess  of  mercury  has  been  added.  It  is  convenient 
to  have  the  mercury  solution  of  such  a  strength,  that  1  cb.cm.  should 
correspond  to  001  gram  of  urea. 

When  urea  and  water  are  heated  together  in  sealed  tubes  to 
above  100°,  carbonic  dioxide  and  ammonia  are  produced;  the  same 
change  occurs  in  the  putrefaction  of  urine.  This  reaction  niuy  also 
be  used  for  the  quantitative  determination  of  urea  ;  the  urine  has 
only  to  be  heated  with  an  ammoniacal  solution  of  barium  chloride, 
and  the  barium  carbonate  formed,  to  be  weighed. 

Nitrogen  trioxide  acts  readily  upon  urea,  as  it  does  on  all  other 
amido-compounds,  the  products  of  the  reaction  being  carbon -dioxide, 
water,  and  free  nitrogen  : — 

^'^  {  NH^  "^  ^'^Os  =  2N2  +  CO2  +  2H2O 
Biuret  CgH^NgOg  is  formed  when  urea  is  heated  to  150° — 160*": —  » 
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Biuret  is  sparingly  soluble  in  cold,  but  more  readily  in  hot  water, 
from  which  it  crystallizes  in  colourless  needles.  On  heating  it  above 
170°,  ammonia  escapes  and  cyanuric  acid  is  left  behind,  and  when  it 
is  heated  in  a  current  of  dry  hydrochloi-ic  acid,  carbon  dioxide  and 
guatvUline  CH^Nj  are  formed,  together  with  cyanuric  acid  :— 

NH, 
CO^  NH, 


\ 
NH        =      CO,  +      CO=NH 

/  'I 

^\  NH, 

NH, 

Guanidine  is  a  strong  base,  which  will  be  described  later  on. 

Isurethie  CH^NgO. — This  isomcride  of  urea  is  produced  by  digest- 
ing an  alcoholic  solution  of  hydroxylamine  with  strong  hydrocyanic 
acid  at  40*^ — 50^  By  evaporation  it  is  obtained  in  long,  colourless 
crystals,  having  a  strong  alkaline  reaction  and  melting  at  104°.  The 
hydrochloride  CH^NgO.HCl  forms  deliquescent  rhombic  plates ;  the 
sulphate  and  oxalate  are  also  crystallizable. 

Heated  above  its  melting-point  isuretine  readily  decomposes,  giving 
a  considerable  sublimate  of  ammonium  carbonate  and  yielding  a  resi- 
due containing  amvielide  (p.  Gl). 

An  aqueous  solution  of  isuretine  evaporated  on  a  water  bath  under- 
goes decomposition  with  evolution  of  nitrogen,  ammonia,  and  carbon 
dioxide,  and  a  residue  is  left  containing  urea  and  biuret.  The  consti- 
tution of  isuretine  is  probably  expressed  by  one  of  the  following 
iormulse : — 

(  NH  r  NH 

C-^NH.OH  orCV  O.NHg 

(h  (h 

Hydroxyl  Carbamide  C0-|  ;fjxj/Qjj\  is  produced  by  acting  upon 

cyanic  acid  with  hydroxylamine  NHgvOH).     To  prepare  it  a  solution 
of  hydroxylammonium  nitrate  is  cooled  down  to  —  10^  and  mixed 

F  2 


68  THE  CHEMISTRY  OF 

with   a   concentrated   aqueous   solution   of  potassium   cyanate.     It 
crystallizes   in   white   needles,   melting  at   130^ 

Carhonyl  Sulphide  or  Carbon  Oxysulphidc  COS. — This  compound 
is  formed  by  passing  carbon  monoxide  and  sulphur  vapour  through  a 
red-hot  porcelain  tube.  It  is,  however,  best  prepared  by  adding 
potassium  sulphocyanate  to  a  cold  mixture  of  four  parts  of  water 
and  five  parts  of  concentrated  sulphuric  acid,  the  sulphocyanic  acid 
which  is  first  set  free,  taking  up  water,  forms  ammonia  and  carbonyl 
sulphide : — 

^2  }  S  +  H^O  =  COS  +  NH3 

Carbonyl  sulphide  is  a  colourless  gas  possessing  a  peculiar  resinous 
smell,  resembling  at  the  same  time  that  of  hydrogen  sulphide ;  it  is 
very  inflammable,  burning  with  a  blue  flame.  It  is  slightly  soluble 
in  water,  and  appears  to  occur  in  some  sulphur  springs.  Caustic 
potash  absorbs  it  but  slowly,  potassium  carbonate  and  sulphide  being 
formed : — 

COS  +  4  KOH  =  K^COj  +  K^S  -f  2njd 

Carbon  Disulphide  CSg  is  obtained  as  a  heavy  colourless  liquid  bj' 
passing  sulphur  vapour  over  red-hot  charcoal.  The  commercial  pro- 
duct has  a  very  unpleasant  odour,  due  to  impurities  contained  in  it ; 
these  may  be  destroyed  by  heating  the  crude  sulphide  with  water  in 
closed  tubes  to  100°. 

Pure  carbon  disulphide  boils  at  43*3°,  and  possesses  an  ethereal 
odour.  On  evaporating  it  rapidly,  by  means  of  a  strong  current  of 
air,  so  much  heat  becomes  latent  that  a  portion  of  the  sulphide  soli- 
difies to  a  white  mass  resembling  cauliflowers,  and  melting  again  at 
—  12°.  Carbon  disulphide  is  insoluble  in  water,  and  has  at  0°  the 
specific  gravity  1*0272  ;  it  is  highly  inflammable:  its  vapour,  when 
mixed  with  air,  takes  fire  at  149**.  It  is  poisonous ;  the  inhalation  of 
its  vapour  produces  giddiness,  congestion,  and  vomiting.  It  is  manu- 
factured on  a  large  scale,  as  it  is  found  to  be  an  excellent  solvent 
for  resins,  oils,  fats,  caoutchouc,  phosphorus,  sulphur,  &c.  On  account 
of  its  inflammability  and  poisonous  properties  great  care  must  be  taken 
in  using  it. 

Sulphocarbonic  Acid  and  Sidphocarbonates. — Just  as  carbon  dioxide 
and  metallic  oxides  combine  to  form  carbonates,  carbon  disulphide 
combines  with  metallic  sulphides,  forming  stUpIiocarbonates.  Sodium 
sulphocarbonate  CSgNag  is  obtained  by  dissolving  carbon  disulphide 
in  a  solution  of  sodium  sulphide ;  on  adding  alcohol  to  this  solution 
the  compound  separates  out  as  a  thick  brownish  red  liquid,  from 
which  the  free  sulphocarbonic  acid  may  be  obtained  by  adding  hydro- 
chloric acid  and  water ;  it  is  a  heavy  brown  oil  having  a  peculiar 
disagreeable  odour.  The  sulphocarbonates  of  the  metals  of  the  alkalis 
and  alkaline  earths  are  soluble  in  water ;  those  of  the  other  metals 
are  insoluble. 
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Sulphocarhonyl  Chloride  CSClg  is  a  colourless  liquid  possessiug  an 
irritating  smell ;  it  boils  at  70"  and  is  formed  amongst  other  products 
by  the  action  of  chlorine  upon  carbon  disulphide. 

Sidphocarhamic  Acid  CS  -!  ^tt  ^. — The  ammonium  salt  of  this  acid 

is  formed  together  with  ammonium  sulphocarbonate  by  adding  carbon 
disulphide  to  a  solution  of  ammonia  in  absolute  alcohol.  It  crystal- 
lizes in  large  yellow  prisms ;  on  heating  it  to  100°  it  is  decomposed, 
with  the  formation  of  ammonium  sulphocyanate  and  hydrogen 
sulpliide  : — 

^^  {  SNH,  =  NH,  Y^  ^"2 

The  free  sulphocarbamic  acid  is  obtained  by  decomposing  the  am- 
monium salt  with  hydrochloric  acid ;  it  is  a  reddish  oil,  which  soon 
decomposes  into  hydrogen  sulphide  and  sulphocyanic  acid. 

Sulphocarhamide  or  Sulphur  Urea  CS  <  -kjtt^  is  formed  by  heating 

ammonium  sulphocyanate  for  some  hours  to  170°;  a  molecular  change 
takes  place  analogous  to  the  transformation  of  ammonium  cyanate 
iuto  urea.  Sulphocarhamide  crystalli^jes  in  silky  needles  and  com- 
bines like  common  urea  with  acids ;  the  nitrate  crystallizes  ex- 
ceedingly welL  When  sulphocarhamide  is  heated  above  170°,  carbon 
disulphide,  hydrogen  sulphide,  and  ammonia  are  given  off,  and  -a 
yellowish  powder  called  mellam  C^jH^Nn  is  left  behind. 


ACIDS    FROM   POTASSIUM  CARBOXIDE. 

On  passing  carbon  monoxide  over  fused  potassium  the  gas  is 
absorbed,  the  metal-  being  converted  into  a  black  porous  mass, 
having  the  composition  CgOgKg ;  the  same  body  is  formed  as  a  bye- 
product  in  the  manufacture  of  potassium.  It  is  not  altered  in  dry 
air,  but  in  presence  of  moisture  it  soon  colours  red  and  afterwards 
yellow.  By  water  it  is  decomposed  with  great  violence,  and  often 
with  an  explosion.  By  adding  the  freshly  prepared  compound  very 
cautiously  to  dilute  hydrochloric  acid,  trihydrocarhoxylic  add  CgOgHg 
is  formed,  crystallizing  in  white  needles.  Its  colourless  solution 
darkens  when  it  is  exposed  to  the  air,  and  black  needles  of  hihydrox- 
ylic  add  CjHjHj  gradually  crystallize  out,  whilst  the  compound 
CjOjKj,  after  having  been  exposed  a  short  time  to  moist  air,  yields 
hydrocarboxylic  add  C^O^Hg.  When  the  black  mass  has  become  red 
by  longer  exposure  to  the  air,  it  contains  the  potassium  salt  of  rliodi- 
zonic  acid  CgO^H^ ;  the  free  acid  is  obtained  by  acting  on  the  red 
mass  with  hydrochloric  acid.  It  forms  colourless  needles,  which  lose 
water  at  100°  and  tuni  black.  Ehodizonic  acid  is  bibasic ;  the  silver 
salt  CjOgHjAgg  is  a  red  precipitate.  On  boiling  a  solution  of  potas- 
sium rhodizonate  with  potash,  potassium  croconate  C^OgK,  is  formed, 
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a  salt  which  is  also  contained  in  the  original  substance  after  being 
coloured  yellow  by  long  exposure  to  the  air.  Free  croconic  aci(i 
C5H5H2  is  obtained  by  adding  sulphuric  acid  and  alcohol  to  the 
potassium  salt  and  evaporating  the  solution ;  it  crystallizes  in  yellow 
laminaj.  Both  rhodizonic  and  croconic  acid  are  oxidized  by  nitric  acid 
to  levwnic  acid  CgOgllg,  which  is  tribasic  and  obtained  as  a  colourless 
syrup  by  adding  alcohol  to  tlie  aqueous  sohition. 

Neither  the  molecular  weights  nor  the  constitution  of  these  remark- 
able compounds  are  known. 


HYDEOCAEBONS  OF  THE  SEEIES  C^H„^,  OE  TAEAFFINS. 


an^^n  +  3 


Of  the  hydrocarbons  homologous  with  marsh -gas  those  containing 
less  than  five  atoms  of  carbon  are  gases  at  the  ordinary  temperature  ; 
the  next  higher  ones  are  mobile,  colourless  liquids,  having  a  faint  but 
characteristic  ethereal  odour ;  and  those  richest  in  carbon  are  crystal- 
line solids.  A  mixture  of  the  latter  has  been  known  for  a  long  time 
under  the  name  of  paraffin  (pariim  affinis),  a  name  given  to  them 
from  the  fact  that  they  resist  in  the  cold  the  action  of  strong  oxidizing 
agents.  But  as  the  gaseous  and  liquid  hydrocarbons  of  this  group 
show  the  same  resistance  against  nitric  acid,  chromic  acid,  &c.,  it 
appears  appropriate  to  give  to  the  whole  group  the  name  the 
paraffitis.  Whilst  they  are  not  acted  upon  in  the  cold  even  by  a 
mixture  of  fuming  nitric  and  sulphuric  acids,  on  the  application  of 
heat  they  are  oxidized,  even  by  dilute  nitric  acid,  the  products  con- 
sisting of  carbon  dioxide  and  water,  besides  small  quantities  of  fatty 
acids,  succinic  acid,  and  nitriles,  w^hilst  chromic  acid  produces  carbon 
dioxide  and  water,  as  well  as  a  little  acetic  acid. 

By  acting  on  the  paraffins  with  chlorine  in  diffused  daylight, 
substitution  products  are  formed,  the  first  product  being  the  chloride 
of  a  monad  radical,  marsh-gas  or  methane  yielding  methyl  chloride: — 

CH,  +  CI2  =  CH3CI  -F  HCl 

By  continued  action  of  chlorine  a  further  exchange  of  chlorine  for 
hydrogen  takes  place  ;  thus  from  marsh-gas  the  following  bodies  have 
been  obtained : — 

CH4      +CU  =  CH3C1   +HC1 

CH3CI  +  Ci;  =  CHgCU  +  HCl 

CH2CI2  +  CI2  =  CHC13"'  +  HCl 

CH  CI3  +  CI2  =  CCI4      +  HCl 

In  the  same  way  the  six  atoms  of  hydrogen  in  ethane  CgHg  have 
been  substituted  one  after  the  other  by  chlorine,  whilst  in  propane 
CjHg  and  hexane  C^Hj^  only  six  have  thus  been  replaced. 
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When  chlorine  is  passed  into  a  liquid  paraffin,  a  portion  of  the 
monochloride  first  formed  is  always  further  acted  upon  by  chlorine 
before  all  the  hydrocarbon  has  been  attacked,  but  the  formation  of 
such  higher  chlorides  can  be  almost  completely  avoided,  when  chlorine 
is  brought  in  contact  with  the  vapour  of  the  boiling  hydrocarbon  ; 
the  monochlorides  being  less  volatile  condense  at  once,  and  thus  are 
brought  out  of  the  reach  of  an  excess  of  chlorine. 

Bromine  acts  on  the  paraffins  in  a  manner  similar  to  that  of 
chlorine,  only  much  less  energetically,  whilst  iodine  has  no  action 
whatever. 

The  monochlorides  can  by  double  decompositions  easily  be  trans- 
formed into  the  alcohols  and  other  derivatives.  Thus  on  heating 
methyl  chloride  with  caustic  potash  we  obtain  methyl  alcohol : — 

CH3CI  4-  KOIT  =  CIK  -f  CH3.OH 

By  heating  the  chlorides  with  concentrated  hydriodic  acid,  the 
iodides  are  formed ;  which  compounds  are  also  obtained  by  acting 
upon  alcohols  with  hydriodic  acid.  Thus  amyl  alcohol  yields  amyl 
iodide : — 

Cgllii.OH  -h  HI  =  C,Hi,I  +  H2O 

On  the  other  hand  these  derivatives  of  the  paraffins  can  again  be 
transformed  into  the  original  hydrocarbons.  Thus  by  treating  the 
substitution  products  of  marsh-gas  with  zinc  and  hydrochloric  acid, 
an  invei'se  substitution  takes  place,  hydrogen  again  replacing  one  atom 
of  chlorine  after  the  other  :— 

CCI4  +  H,  =  CH  CI3  +  IICl 
CH  CI3  +  H;  =  CHgClo  +  HCl 
CHgClg  -f  H2  =  CH3Cr  +  HCl 
CHgCl   +  II2  =  CH,       +  HCl 

The  iodides  are  even  more  easily  reduced  by  the  same  reaction, 
and  thus  from  any  alcohol  the  coiTcsponding  paraffin  may  be  obtained. 
The  alcohols  of  dyad,  triad,  tetrad,  and  hex  ad  radicals  can  also  be 
converted  into  paraffins,  inasmuch  as  these  bodies  are  readily  trans- 
formed into  iodides  of  monad  radicals  by  the  action  of  hydriodic  acid. 
Thus  mannite  CgHjj(OH)^  yields  hexyl  iodide : — 

CeHgCOH)^  -f  IIHI  =  CJIJ  +  GH.O  +  Slg 

And  this  iodide  is  transformed  by  nascent  hydrogen  into  hexane:-^ 

CeH,3l  +  H,  =  CoH,,  +  III 

Instead  of  acting  on  the  iodides  with  nascent  hydrogen  they  may 
be  heated  with  zinc  and  water  in  sealed  tubes  to  loO"*,  when  basic 
zinc  iodide  and  a  paraffin  are  formed  : — 

C,II,J  +  H,0  +  Zn  =  C.IIjj  +  Zn  |  Jjjj 

The  paraffins  obtained  from  the  iodides  by  these  two  methods 
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have  been  called  hydrides;    methane  being   considei-ed   as   methyl 

hydride      t|  !-   and  hexane  as  hexi/l  hydHde    ^  J^  J  .     But  from 

these  names  it  might  appear  that  the  paraffins  contain  one  atom  of 
hydrogen  combined  with  carbon  in  a  manner  different  from  that  in 
which  the  remainder  of  the  hydrogen  is  attached  to  the  carbon,  which 
is  not  the  case ;  for  on  further  action  of  chlorine  on  the  monochlorides 
we  obtain  chlorides  of  dyad,  triad,  &c.  i*adicals,  propane  for  instance 
yielding : — 

Propyl  Chloride,  l*roi>ene  Dichloride.         Propenyl  Trichloride. 

C3H7CI  C3HgCl2  C3H5CI3 

And  therefore  propane  might  be  called  propene  hydiide  and  propenyl 
hydride,  as  well  as  propyl  liydride. 

A  second  general  method  to  obtain  paraffins  is  to  act  with  a  metal 
upon  an  iodide  of  an  alcohol  radical ;  in  tliis  reaction  the  radicals 
are  set  free,  but  as  a  monad  radical,  as  we  have  seen,  cannot  exist  in 
the  free  state,  two  of  them  are  linked  together  by  the  two  free  com- 
bining units.  Thus  by  heating  dry  methyl  iodide  and  zinc  to  150®, 
ethane  is  formed  :— 

2CH3  +  Zu  =  CgH^j  +  Znig 

I 

Sodium  acts  violently  upon  a  mixture  of  ethyl  and  amyl  iodide,  the 
hydrocarbon  C^Hj^  being  formed : — 

C^H,!  +  C,H,iI  +  Na^  =  C^H,,  +  2XaI 

The  paraffins  formed  by  this  aynthetical  process  have  been  called 
alcohol  radicah,  because  it  was  formerly  believed  that  their  constitu- 
tion was  different  from  the  so-called  hydrides  ;  they  were  regarded  as 
the  free  radicals,  of  which  two  were  united  to  form  a  molecule,  just  as 
the  molecule  of  hydrogen  consists  of  two  atoms.  But  we  now  know 
that  hydride  of  ethyl  is  identical  with  dimethyl;  both  possessing  the 
same  physical  and  chemical  properties,  and  yielding  by  the  action  of 
chlorine  as  the  first  product,  ethyl  chloride. 

In  ethyl-amyl  one  atom  of  carbon  in  the  ethyl  group  is  linked  to 
one  atom  of  carbon  in  amyl,  exactly  in  the  same  manner  as  all  the 
other  carbon  atoms  are  attached  to  each  other,  and  thus  on  acting 
with  chlorine  on  this  hydrocarbon,  we  obtain  heptyl  chloride  C^Hj^Cl, 
and  not,  as  might  have  been  expected  according  to  the  old  theorj',  a 
mixture  of  ethyl  chloride  and  amjl  chloride. 

A  third  general  method  of  obtaining  paraflBns  consists  in  the 
decomposition  of  an  alkaline  salt  of  a  fatty  acid  by  the  galvanic 
current.  When  an  acid  or  a  salt  is  decolriposed  by  electrolysis,  the 
basic  hydrogen  or  the  metal  is  set  free  from  the  —  pole,  and  the 
remainder  of  the  compound  from  the  +  pole.  The  first  action  of  a 
galvanic  current  upon  a  concentrated  solution  of  potassium  acetate  is 
consequently  to  resolve  the  salt  into  K  and  CgHjOg.  But  as  this 
decomposition  takes  place  in  presence  of  water,  the  latter  is  acted 
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uprm  by  the  potiissium,  and  hydrogen  is  given  oft'  from  the  —  pole, 
whilst  the  group  CglljOj,  which  cannot  exist  in  the  free  state,  is 
decomposed  into  carbon  dioxide  and  methyl  CH3,  of  which  latter  two 
combine  to  form  ethane.  This  electrolysis  of  acetates  may  be  ex- 
pressed by  the  following  equation  : — 

CH.JJ        CHj  t^Hjj 

I  +1  =     I  +   -'<^'Oo  +    II. 

CO^H      CO^H       CH3 

Paraffins  are  also  formed  by  heating  the  fatty  acids  and  the  acids 
of  the  series  CJii^(CO^Jl)^  with  an  alkalL  When  sodium  acetate 
is  heated  strongly  with  caustic  soda,  pure  methane  is  given  oil*: — 

I     '      +  SJ- 0  =  CH,  +  CO,Na, 
COgNa      ^"^J 

By  heating  suberic  acid  with  caustic  baryta  hexane  is  formed : — 

There  is  one  method  by  which,  it  appears,  panilliiis  can  be  obtained 
from  almost  every  carbon  compound.  This  method  consists  in  heating 
the  substance  with  a  large  excess  of  fuming  hydriodic  acid  in  sealeil 
tubes  to  a  very  high  temperature.  The  products  consist  of  one  or 
several  paraffins,  besides  free  iodine,  oxides  of  carbon,  ammonia  (when 
the  substance  contained  nitrogen),  and  other  bodies.  By  this  reaction 
ethyl  alcohol  CgH^O  and  acetic  acid  C^H^O.,  were  converted  into 
ethane  C^Hg;  butyric  acid  C^H^Og  and  succinic  acid  C^H^jO^  yielded 
butane  C^Hj^,  whilst  benzene  C^Hj,  and  phenol  C^H^O  were  transformed 
into  hexane  C^Hj^.  From  wood,  charcoal,  and  coal,  a  mixture  of  a 
great  number  of  paraffins  was  obtained,  but  graphite  underwent  no 
change. 

Paraffins  also  generally  occur  amongst  the  products  of  destructive 
distillation  of  oi-ganic  substances,  and  are  cousec^uently  found  in 
wood  tar  and  coal  tar,  chiefly  in  such  which  have  been  obtained  from 
coal  rich  in  hydrogen,  as  that  known  as  boghead  and  canuel  coal. 
Some  kinds  of  petroleum,  as  for  instance  that  now  largely  exported 
from  Pennsylvania,  consist  chiefly  of  a  mixture  of  paraffins,  which 
may  be  isolated  by  treating  the  oils  with  suljihuric  acid,  and  after- 
wards with  fuming  nitric  acid,  or  a  mixture  of  concentrated  sulphuric 
acid  and  commercial  nitric  acid.  All  other  compounds  occurring 
besides  paraffins  in  these  oils  will  thus  be  removed,  being  either 
oxidized  or  converted  into  nitro  compounds,  which  are  either  dis- 
solved by  the  acids  or  are  much  less  volatile  than  the  hydrocarbons. 
The  oils  are  now  washed  with  water,  dried  over  caustic  potash,  and 
rectified  over  sodium.  The  distillate  now  consists  only  of  paraffins, 
which  ai*e  separated  by  fractional  distillation. 

In  the  chapter  on  isomerism,  it  has  already  been  mentioned  that 
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among  the  paraffins  a  great  number  of  isomerides  may  exist.  Those 
of  which  the  constitution  has  been  ascertained  may  be  divided  into 
the  following  four  groups : — 

(1)  Normal  Paraffins. — The  carbon  atoms  are  linked  together  to  a 
single  chain,  or  no  atom  of  carbon  is  united  witli  more  than  two 
others,  thus : — 

C-C— C-C— &c. 


The  following  are  known  : — 


Methane 
Ethane  . 
Propane 
Butane  . 
Pentane 


C   H, 
CsHs 


Boiling- 
point. 

gas 


38 


Hexane 
Heptane 
Octane  .     . 
Dodecane  . 
Hecdecane 


^16^34 


Boiling- 
point. 

7r 
100 

125 
201 

278 


(2)  The  paraffins  of  the  second  group  are  derived  from  propane  by 
a  single  chain  of  carbon  atoms  being  linked  to  the  middle  carbon 
atom : — 


CH 


8 


CH— CHg— &c. 


CH3 

The  lowest  member  of  this  group  contains,  therefore,  four  atoms  of 
carbon,  and  can  be  considered  as  marsh-gas  in  which  three  atoms  of 
hydrogen  have  been  replaced  by  methyl,  and  may  therefore  be  called 
irimetJiyl'methane.     The  following  are  known  :^- 


Trimethyl-methane 


Dimethyl-ethyl-methane 
(Amyl  Hydride) 

Dimethyl-propyl-methane 
(Ethyl-butyl) 

Dimethyl-butyl-methane 
(Ethyl -amyl) 


(3)  The  paraffins  of  the  third  group  contain  the  group  CH3— CH 
— CH,  twice,  the  lowest  member  being  tetramcthyUcthane : — 


(CH3 

ich: 

Boiling-point. 

-  15° 

(CH3 
CH-^  CH3 

+  30 

(CH, 

CH^  CH3 

(  C3H, 

62 

(CM, 
(C4H9. 
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CH,  CHj 

\  / 

CH— CH 

CH,  CH, 

The  following  belong  to  this  group : — 

Boiling-iioint. 

Tetramethj'l-ethane  ,,  „  .,     . 

(Di-isopropyl)  ^2«2('-J^*s)4  «>« 

Tetraniethyl-butane  ^  -rr  ,^„  .  ,  ^n 

(Di-isobutyl)  C,He(CH3),  109 

'^1r;iatyr  ^*««™^  ''' 

^'*™d1S?'''"'  C,H,(CH3),  158 

(4)  One  atom  of  carbon  is  linked  together  with  four  others  : — 

BoiIinfr-]K)int. 

Tetramethyl-methane  CCCHg)^  9  5" 

Trimethyl-ethyl-methane      C  j  J?5'^»  45 

Dimethyl-diethyl-methane  C  j  ^S'^Jl  86 

The  paraffins  found  in  coal  naphtha  and  in  American  petroleum 
belong  to  the  first  group ;  besides  these,  petroleum  contains  smaller 
quantities  of  hydrocarbons  belonging  to  other  groups.  Solid  paraffins 
occur  also  in  nature  ;  thus  attar  of  roses  contains  one  which  appears 
to  be  CigHj..  Boghead  coal,  which  on  distillation  yields  a  large 
quantity  of  liquid  and  solid  paraffins,  contains  solid  paraffin  ready 
formed,  which  can  be  extracted  by  means  of  ether;  and  similar  com- 
pounds are  found  in  coal  measures  and  other  bituminous  strata, 
forming  the  minerals  known  as  fossil  u'a:i\  ozoccriiCy  &c.  Solid 
paraffin  exists  also  in  large  quantities  in  Canadian  petroleum  and 
other  kinds  of  rock  oil 


COMrOUNDS  OF  MONAD  EADICALS. 

By  substituting  in  a  paraffin  one  atom  of  hydrogen  by  another 
element  or  radical,  compounds  are  formed  in  which  the  residue  of 
the  hydrocarbons  acts  as  a  monad  radical.  These  radicals  have  been 
called  the  alcohol  radicals^  as  of  their  compounds  the  alcohols  have 
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been  kuowu  longest,  and  they  moreover  generally  serve  as  starting- 
points  for  the  preparation  of  other  compounds.  The  alcohols  are 
hydroxides  or  compounds  of  the  alcohol  radicals  with  the  monad 
group  hydroxyl  OH.  Thus  common  alcohol  CgH-.OH  may  be  looked 
upon  as  ethane' in  which  one  atom  of  hydrogen  has  been  exchanged 
for  OH,  or  may  be  considered  as  water  in  which  one  atom  of  hydro- 
gen has  been  substituted  by  the  monad  radical  ethyl : — 

"  1  ()     Walter  ^^^^  I  O      ^^^^y^  Hydroxide  or 

H  3  ^     ^^  ^^"-^  H  3  ^        '  Ethyl  Alcohol. 

The  alcohols  have  therefore  a  constitution  analogous  to  that  of  the 
hydroxides  of  monad  elements,  such  as  potassium  hydroxide  KOH, 
and  as  by  acting  with  an  acid  on  the  latter  we  get  a  potassium  salt 
and  water,  so  by  treating  an  alcohol  with  an  acid  it  yields  a  covipouiid 
or  saline  etheVy  the  alcohol  radical  replacing  the  hydrogen  of  the 
acid : — 

C2H5.OH  +  HCl        =  HgO  +  C^^jCl  Ethyl  Chloride. 

C2H5.OH  +  HNO3     =  HgO  +  C2H5.NO3       Ethyl  Nitrate. 

C2H5.OH  +  2  }  SO4  =  H^O  +  ^2^5 1  so,     Ethyl-sulphuric  Acid. 

In  a  great  number  of  other  reactions  the  alcohols  behave  in  a 
manner  quite  analogous  to  water,  as  the  chemical  properties  of  their 
radicals  have  much  greater  resemblance  to  those  of  hydrogen  than  to 
those  of  the  metals.  By  acting  with  iodine  and  phosphorus  upon 
water  we  obtain  phosphorous  acid  and  hydriodic  acid  or  hydrogen 
iodide,  whilst  by  the  action  of  these  elements  on  an  alcohol  the  corre- 
sponding iodide  is  formed : — 

P  +  31  -h  3HaO         =  rOgHg  +2HI 
P  +  31  -h  3C2H,,OH  =  PO3H3  +  3C2H5I 

Phosphorus  trichloride  and  water  yield  phosphorous  acid  and 
hydrochloric  acid,  and  by  the  action  of  the  trichloride  on  alcohol 
ethyl  phosphite  is  formed : — 

PCI3  +  3H/)  =  PO3H3         +  3HC1 

PCI3  +  3C2H5.0H.=  P03(CoH5)3  +  3nCl 

The  alkali-metals  act  violently  upon  the  alcohols,  hydrogen  being 
given  off,  and  a  mixed  oxide  or  an  alcohol,  in  which  one  atom  of 
hydrogen  has  been  replaced  by  the  metal,  being  formed  : — 


^»^«J0  +  Na  =  ^«J^}0  +  H 


By  acting  upon  this  compound  with  ethyl  iodide  the  metal  is 
replaced  by  ethyl,  and  we  obtain  ethyl  oxide  or  diethyl  ether : — 
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By  using  the  iodide  of  other  alcohol  radicals  mived  ethers  are 

formed,  as  p  tj'  f  0. 

The  oxygen  of  the  alcohols  or  the  ethers  may  be  substituted  by 
dyad  sulphur;  such  compounds  are  formed  by  acting  with  alkaline 
sulphides  upon  the  chlorides  of  the  alcohol  radicals  : — 

2C,H,C1  +  ^  I  S  =.  2KC1  +  ^2^' }  ^"^ 

But  the  analogy  between  hydrogen  and  the  alcohol  radicals  appears 
most  striking  when  the  latter  replace  hydrogen  in  ammonia.  The 
compound  ammonias  or  amines  thus  formed  are  volatile  bodies,  pos- 
sessing an  ammoniacal  smell,  having  a  strong  alkaline  reaction,  and 
combining  with  acids  like  ammonia.  The  amines  are  obtained  by 
heating  the  iodides  of  the  alcohol  radicals  with  ammonia : — 

Ethylatnine. 

CjHJ  +  H  ^N  =  HI  + 

By  acting  again  upon  ethylamine  with  ethyl  iodide  a  second  atom 
of  hydrogen  is  replaced  by  ethyl : — 


Diethylamiiie. 


CgHe  'i  CoH, 


H5 )  CjHg ) 

H^N«HI  +  C2HAN 
hJ  HJ 


On  subjecting  Uiethylamine  to  the  same  reaction  we  obtain  triethyla- 

mine  CoH^  >  N.     Instead  of  substituting  the  three  atoms  of  hydrogen 

in  ammonia  by  one  and  the  same  radical,  we  may  replace  them  by 
different  radicals,  and  thus  obtain  mixed  amines,  as  methylethyl- 

amylamine  CgH^   >->i. 
C.HiJ 
The  triamines  combine  directly  with   iodides,  just  as  ammonia 
combines  with  hydriodic  acid.      The  compounds  thus  obtained  are 
not  decomposed  by  alkalis  as  the  salts  of  the  amines  are,  but  are 
acted  upon  by  moist  oxide  of  silver,  a  hydroxide  being  formed : — 
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Tetrethylammonium  iodide  yields  tetretbylamnioiiium  hydroxide. 
These  hydroxides  are  non-volatile  solids  and  veiy  soluble  in  water ; 
they  have  a  very  strong  alkaline  reaction,  and  are  as  caustic  as  caustic 
potash,  and  give  with  metallic  salts  reactions  like  those  of  the  caustic 
alkalis.  Like  the  latter  they  neutralize  acids,  a  salt  and  water  being 
produced.  The  cldorides  of  these  compound  ammoniums,  as  well  as 
the  hydrochlorides  of  the  amines,  form  crystalline  double  compounds 
with  platinum  tetrachloride  and  gold  trichloride,  corresponding  to 
the  double  salts  of  potassium-  and  ammonium  chloride,  and  their 
sulphates  combine  with  aluminium  sulphate,  forming  alums  isomor- 
phous  with  common  alum. 

The  monamiues  are  readily  acted  upon  by  nitrous  acid  ;  just  as 
ammonium  nitrite  easily  splits  up  into  nitrogen  and  water,  so  a 
solution  of  ethylammonium  nitrite  (which  may  be  obtained  by  decom- 
posing the  chloride  with  silver  nitrite)  yields  on  heating,  nitrogen, 
ethyl  alcohol,  and  water : — 

N(C,H^H3.N02  =  C,H,.OH  +  N^  +  H,0 

The  other  elements  of  the  nitrogen  group  form  compounds  corre- 
sponding to  the  amines,  &c. : — 

Ethylphosphiue.  DietJiylphosphine.  Triethylpho8])hiiie. 

C2H5 )  C2H5  )  C2HJ 

Triinethylarsine.  TriethylHtibine.  Trietliylbismuthine. 

CH.VAs  CjHgJ-Sb  OjHjlBi 

cu,\  c,hJ  c,hJ 

Alcohol  radicals  can  also  be  combined  with  several  metals ;  these 
compounds  correspond  to  the  chlorides  of  the  metals  : — ■ 

NaCl  NaCjiHs  Sodium  Ethide 

Zn  I  ^[  Zn  I  ^'«^*  Zinc  Ethide 

Sn-<Xi  S'^'^c^H*  Stannic  Ethide. 

The  compound  ethers  of  the  acids  of  cyanogen  have  a  particular 
theoretical  interest  on  account  of  each  occurring  in  two  isomeric 
forms. 

By  acting  with  silver  cyanide  upon  ethyl  iodide  we  obtain  ethyl 
cyanide,  a  volatile  liquid,  which  is  acted  upon  by  aqueous  acids  with 
the  formation  of  ethylamine  and  formic  acid.  Ethyl  cyanide  or  ethyl 
carhamine   is   also   formed   by  acting  with   caustic   potash  upon   a 
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solution  of  ethylamine  in  chloroform  CCI3H.  These  reactions  show 
that  in  these  carbamiaes,  the  alcohol  radical  is  combined  with  the 
nitrogen  of  cyanogen  : — 

(1)  CN.CgH,  +  2H2O         =  II2N.C2H5  +  CHgO^ 

(2)  CCI3H      +  H2N.C2H5  =  CN.CgH,    +  3HC1 

The  carbamines  are  transformed  by  the  action  of  heat  into 
isomerides  called  nitriles,  which  are  therefore  always  obtained  when 
the  metal  in  a  metallic  cyanide  is  replaced  by  an  alcohol  radical  in  a 
reaction  taking  place  only  at  a  high  temperature.  The  nitriles  are  not 
acted  upon  by  aqueous  acids,  but  they  are  decomposed  on  heating 
them  with  alkalis,  ammonia  being  formed  and  a  fatty  acid,  containing 
one  atom  of  carbon  more  than  the  alcohol  radical.  This  reaction 
shows  that  the  carbon  of  the  cyanogen  is  combined  with  the  alcohol 
radical.  Thus  the  isomeric  ethyl  cyanide  or  propionitrile  yields 
propionic  acid: — 

C2H5  C2H5 


+  2H2O  =  I  +  NH3 

CN  CO.OH 

Whilst  ethyl  carbamine  is  still  an  ethyl  compound,  its  isomeride 
propionitrile  does  not  belong  to  this  group  ;  but  is  a  derivative  of 
propane  CgHg,  three  atoms  of  hydrogen  of  this  paraffin  being  replaced 
by  nitrogen. 

The  nitriles  combine  with  hydrogen  in  the  nascent  state,  forming  an 
amine.     Thus  propionitrile  yields  propylamine  : — 


CH3 

CH3 

CH3 

+ 

2H, 

=  CH, 

CN 

CHoNHj 

Ethyl  Cyanate  ^  tt  S-  0  is  formed  by  passing  the  vapour  of  cyanogen 
chloride  into  sodium  ethylate : — 

^^  I  4.  ^2^5  In-  ^2^5  i  O  4-  NaOl 
Clj"^     Naj^"    cn|^  +  ^^^^ 

By  the  action  of  alkalis  it  is  decomposed  in  the  same  manner  as 
other  compound  ethers,  alcohol  and  potassium  cyanate  being  formed. 

A  body  isomeric  with  ethyl  cyanate  is  obtained  by  distilling  a 
mixture  of  potassium  cyanate  and  potassium  ethyl  sulphate.  In  this 
reaction  most  probably  ethyl  cyanate  is  first  formed,  which  how- 
ever, at  the  high  temperature  at  which  the  reaction  takes  place, 
undergoes  a  molecular  change,  being  converted  into  ethyl  carhhmde  , 

N  I  /1?{^^     On  heating  this  compound  with  caustic  potash,  we  obtain 
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ethj'lamine  and  carl)on  dioxide,  which  proves  that  the  alcohol  radical 
is  combined  with  nitrogen : — 


N I  ^2^6  -L  H  O  —  N I  ^a^^s  _L  00 
^  t  CO     ^     «     "■       (  Hj      ^  ^^ 


The  same  kinds  of  isomerism  occur  amongst  the  ethers  of  sulpho- 
cyanic  acid : — 

s{g^H.    Ethyl  S„lphocy....e        N{gf.    ^^3^ 

The  first  of  these  compounds  yields,  on  treating  it  with  caustic 
potash,  potassium  sulphocyanate  and  ethyl  alcohol,  whilst  the  second 
when  heated  with  water  forms  ethylamine,  carbon  dioxide,  and 
hydrogen  sulphide : — 


N I  ^2^6  ^.  2H2O  =  X I  ^^ 


5  +  CO,  +  H,S 


The  alcohols  and  their  derivatives  are  divided   into  three   vory 
distinct  groups. 


(1)    PRIMARY   ALCOHOLS   AND   FATTY    ACIDS. 

All  paraffins  contain  the  group  CH3  twice  or  more.  By  replacing 
one  atom  of  hydrogen  in  one  of  these  methyl  groups  by  hydroxyl  wo 
obtain  a  primary  alcohol : — 

Isobutyl  Alcohol. 

CH«  CH« 
\> 
CH 

CH2.OH 

The  most  characteristic  property  of  the  primary  alcohols  is  that  by 
the  moderate  action  of  oxidizing  agents,  they  first  lose  two  atoms  of 
hydrogen,  a  compound  being  formed  called  an  aldehyde  (alcohol 
dehydrogenatum).     Ethyl  alcohol  yields  acetaldehyde  : — 

CjH^O  +  O  =  C,H,0  +  H^O 

The  aldehydes  combine  again  with  nascent  hydrogen,  being  recon- 
verted into  alcohols,  but  they  much  more  readily  take  up  one  atom 
of  oxygen  and  form  monobasic  acids,  which  are  compounds  of 
monad  oxygenated  radicals,  containing  one  atom  of  oxygen  in  place 
of  two  atoms  of  hydrogen  in  the  alcohol  radical : — 


Ethyl  Alcohol. 

CH, 

Propyl  Alcohol. 

CH, 

OHg.OH 

ORj 

CHj.OH 

Ethyl  Alcohol.  Acetic  Acid. 

^*^  }  O  +  0,  =  ^^"'g  1  O  +  H,0 
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These  monobasic  acids  have  been  called  fatti/  acids,  because  many 
of  them  occur  ready  formed  in  different  fats  and  oils.  The  hydroxyl 
of  these  acids  can  be  replaced  by  the  elements  of  the  chlorine  group. 
Thus  by  acting  with  phosphorus  trichloride  upon  acetic  acid,  we 
obtain  acetyl  chloride : — 

^(^'^  H  }  ^  )  +  ^^^3  =  ^r^^a)  +  ^^A 

The  chlorides  of  the  acid  radicals  differ  from  those  of  the  alcohol 
radicals  by  being  less  stable  compounds  ;  they  are  rapidly  acted  upon 
by  water  with  the  formation  of  the  original  fatty  acid  and  hydro- 
chloric acid. 

The  hydrogen  in  the  hydroxyl  group  can  also  be  replaced  by  alcohol 
radicals  as  well  as  by  metals  ;  the  compounds  thus  formed  are  named 
saline  or  compound  ethers.  These  ethers  may  be  formed  by  different 
reactions.     Thus  ethyl  acetate  may  be  obtained — 

(1)  By  heating  potassium  acetate  with  ethyl  chloride  : — 


C4H3O 


.0I0+    ^H  -C.H3OI0     en 


(2)  By  acting  upon  ethyl  alcohol  with  acetyl  chloride : — 

C,H301       C,H,|         C,HO)  H) 

(3)  By  distilling  a  mixture  of  ethyl  alcohol  and  sulphuric  acid  with 
potassium  acetate : — 

C2H3O  )  Q  ,  C2H5  I  Q  _  C2H3O  1  o  4-  H  O 

The  oxides  of  the  acid  radicals,  commonly  called  anhydrides,  are 
also  known.  Thus  we  obtain  acetyl  oxide  or  acetic  anhydride  by 
acting  with  acetyl  chloride  upon  potassium  acetate : — 

C2H2O   )  C2H3O   \    Q_    C2H3O   1    Q  ^T     pi 

These  anhydrides  are  readily  acted  upon  by  water,  thus : — 


C2H8 
C2H3 


By  acting  on  fatty  acids  with  phosphorus  pentasulphide  we  obtain 
so-called  thio-acids : — 

5  (*^«^»g  j  0 )  +  V^%  =  5  (^^^'JJ  }  S  )  +  PA 

These  thio-acids  are  also  monobasic,  and  form  salts,  saline  ethers, 
anhydrides,  &c. : — 

C2H3O  )  g     p^^tj^ggium  Thiacetate 
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^aS}^    Ethyl  Thiacetate 


C2H3O 


q\S    Thiacetic  Anhydride  or  Acetyl  Sulphide 


The  acid  radicals  can  also  replace  hydrogen  in  ammonia  and  in  the 
amines  ;  such  compound  ammonias  are  called  amides : — 


aH,0^        -r^:....     C.H^O  ^        ^.,.._,  aH.o 


Acet-       ^-StJIxt    Diacet-     pOX  I  vr    Ethyl-  ^2 


H3O) 
H3OU 

^2^5  J 


amide  ir  f"^^     amide       ^i^'^s^  f -^^     diacetamide       J>, 

In  a  great  number  of  reactions  the  fatty  acids  are  decomposed  in 
such  a  manner  that  one  atom  of  carbon  is  separated  from  the  mole- 
cule. We  have  already  seen  that  by  electrolysis  acetic  acid  splits  up 
into  hydrogen,  carbon  dioxide,  and  methyl,  which  latter  in  the  nascent 
state  combines  with  another  methyl  to  form  ethane : — 


'3 

[3 


By  the  same  reaction  butyric  acid  C^HgOg  yields  hexane  Cgllj^ : — 

On  heating  a  mixture  of  sodium  acetate  and  caustic  soda,  marsh-gas 
is  formed : — 


C2H3O 


On  the  other  hand,  any  fatty  acid  can  be  built  up  synthetically  from 
an  alcohol  containing  one  atom  of  hydrogen  less. 

Sodium  methide  combines  directly  with  carbon  dioxide,  forming 
sodium  acetate : — 

NaCHj  -h  CO2  =  NaCgHgOa 

By  combining  cyanogen  with  methyl  we  obtain,  as  already  explained, 
acetonitrile,  which  on  heating  with  caustic  potash  yields  ammonia 
and  potassium  acetate  : — 

I       -hK0H-hH20=   I        +NH3 

CN  COjK 

From  all  these  different  decompositions  and  formations  of  acetic 

acid  it  appears  that  it  contains  the  group  CH3,  and  we  can  explain 

all  these    reactions  by  giving   to   acetic  acid  the  rational  formula 

CH  CO  ) 

'    XT  [-  0,  being  a  compound  of  methyl  with  the  monad  group 

CO  >  — ' 

rr  >0  or    I  which  has  been  called   carhoxyl  or  oxatyL     This 

^»  OH 
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compound  radical  is  present  in  most  of  the  organic  acids,  and  the 
basicity  of  an  acid  depends  on  the  number  of  times  it  occurs.  Thus 
the  fatty  acids  are  compounds  of  carboxyl  with  monad  alcohol 
radicals,  their  general  formula  being  CnHg^  ^  ^  ^^^\n 

The  group  carboxyl  is  derived  from  methyl  by  oxidation : — 


CH, 

CH, 

CH3 

1         Ethane 

Ethyl  Alcohol 

Acetic  Acid 
CO.OH 

CH, 

CHyOH 

Carboxyl  is  also,  as  we  have  already  seen,  easily  derived  from 
cyanogen,  which  by  the  action  of  alkalis  takes  up  water  and  forms 
ammonia  and  carboxyl : — 


CH3  CH3 


A 


-f  2H2O  =     I  +  NH3 

N  CO.OH 


On  the  other  hand,  carboxyl  can  again  be  reconverted  to  cyano- 
gen; by  heating  ammonium  acetate,  it  decomposes  into  water  and 
acetamide : — 

[  =1  +  H,0 

CO.ONH,      CO.NHj 

And  on  distilling  acetamide   with  phosphorus  pentoxide  another 
molecule  of  water  is  taken  out  and  acetonitrile  is  formed : — 

CHg  OH3 


i 


=   I       +H,0 


O.NH2      ON 

By  acting  on  fatty  acids  with  chlorine,  substitution  takes  place  in 
the  alcohol  radical ;  thus  from  acetic  acid  the  ioUowing  three  chlo- 
rinated acids  have  been  obtained  : — 

Monochloracetic  Dichloracetic  Trichloracetic 

Acid.  Acid.  Acid. 

CHjCl  CHCI2  CCI3 


CO.OH  CO.OH  CO.OH 

In  the  place  of  chlorine  we  may  also  introduce  bromine  or  iodine, 
and  these  elements  can  again  be  exchanged  by  other  monad  radicals. 
By  replacing  them  by  alcohol  radicals  we  obtain  higher  members  of 
the  series  of  fatty  acids ;  thus,  by  heating  iodacetic  acid  with  ethyl 
iodide  and  finely  divided  silver,  butyric  acid  is  formed : — 


G  2 
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CH3  c;h3 


CHgl  CHg 

+  Ag,  =  2AgH-   I 


CO.OH  CO.OH 

If  we  act  upon  the  compound  ether  of  a  fatty  acid  with  sodium, 
hydrogen  is  replaced  by  the  metal ;  thus  etliyl  acetate  yields  as  tlie 

CHaNa 
first  product  of  the  reaction  sodacetic  ether  \ 

co.oaH,. 

By  treating  this  compound  with  ethyl  iodide  the  ethyl  and  sodium 
change  places,  and  the  ethyl  ether  of  ethyl-acetic  acid  or  hutyHc  acid 
is  formed. 

It  will  be  easily  understood  how,  by  employing  other  alcoholic 
iodides,  the  whole  series  of  the  fatty  acids  may  be  built  up  syntheti- 
cally. 

By  the  further  action  of  sodium  upon  sodacetic  ether  the  compounds 
CHNag  CNaj 

I  and    I  are  formed,  which  are  acted  upon  by  the 

CO.OC2H5         CO.OC2H5 

iodides  of  the  alcohol  radicals  in  the  same  manner  as  sodacetic  ether. 
Thus  by  treating  them  with  methyl  iodide  disodacetic  ether  yields 
the  ethyl  ether  of  dimethi/l-acetic  or  isohutyric  acid,  and  trisodacetic 
ether  gives  the  ethyl  compound  of  trimeihyl-acetic  or  tertiary  valerianic 
acid : — 

Isobutyric  Acid.  Tertiary  Valerianic  Acid. 

CH3  CH3  CH- 

9^  CH3— c— C1I3 

I  I 

CO,H  CO,H 

All  fatty  acids  can  be  again  reduced  to  the  alcohols  from  which 
they  are  derived  by  oxidation. 

(1)  By  distilling  an  intimate  mixture  of  dry  calcium  formate  with 
the  calcium  salt  of  a  fatty  acid,  the  aldehyde  of  the  latter  is  pro- 
duced : — 

CH3  H  CHs 

I  +1  =1        +  CO2  +  H^O 

CO.OH      CO.OH      COH 

The  aldehydes  combine  readily  \^dth  nascent  hydrogen,  as  we  have 
already  seen,  and  are  converted  into  alcohols. 

(2)  On  acting  on  a  mixture  of  an  acid  and  its  chloride  with  sodium 
amalgam  the  chlorine  is  replaced  by  hydrogen,  and  the  aldehyde  thus 
formed  combines  with  a  molecule  of  hydrogen  : — 
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The  following  table  contains  all  the  primary  alcohols  and  fatty 
acids  which  have  been  more  closely  atudicil : — 


Series  or  Pbimasy  Alcohols. 


Series  of  FATxy  Acids. 


Boiling- 

Boiling. 
100° 

Methyl  Alcoliol 

CH.O 

Formic     Acid 

CH,0. 

Ethyl 

C,H.O 

78-4 

Acetic          „ 

c,  II,  o; 

118 

l^f  :; 

C,H,0 

97 

Propionic     „ 

C'   Ha  0, 

141 

C  H.0 

116 

Butyric 

C.Il,  0. 

163 

Pentyl       , 

C  H  0 

137 

Pentvlic 

ij  ii,.o; 

185 

Heiyl 

C,  H,,0 

167 

Hexylic        „ 

<-'„  Hi.ll.; 

205 

Heptyl       ., 

0,  H„0 

170 

Heptylic 

*■'-  H„"''s 

224 

Octyl 

C,  H„0 

195 

Octylic 

a  H.J)., 

233 

Nonylic 

C,  H„0, 

254 

Isobutyl  Alcohol  C,  Hj^O  109° 

Amyl         „  CjHijO  132 

Isohexyl    „         C,  H„0  150 

Ifloheptyl  „         C;H„0  165 

UeltinK- 


Isobutyric  Acid  C^  H.  0,  153' 

Valerianic     „  C^HioOj  175 

Isohexylic    „  CgH^Oj  199 

Isoheptylic  „  C^'S.^fi^  212 


Cetyl  Alcohol       C,gHj,0      50' 


Qerjl 
Melissyl 


C„H^O 


Capri c  Acid 

Laurie  „ 

Myristic  „ 

Palmitic  „ 

Stearic  „ 

Arachidic  „ 

Behenic  „ 

Cerotie  „ 
Melissio 


fi.H»Oi 

Melting- 
point. 

30- 

C,.H..,0, 

43-6 

C„II„0. 

53-8 

CVHj,Oj 

62 

C„H_0, 
KJI.„0, 

e„H.,o, 

69-2 

76 
76 

C„H„0, 

c"h"o. 

78 
80 

The  alcohols  and  acids  forming  the  first  group  contain  the  carbon- 
atoms  linked  together  in  a  single  chain,  and  are  called  normal 
compounds,  whilst  those  constituting  the  second  group  have  the 
carbon-atoms  arranged  in  the  same  way  aa  in  the  second  group  of  the 
paraffins.  The  constitution  of  the  members  of  the  third  group,  which 
aU  occur  ready  formed  in  nature,  is  not  yet  exactly  known. 
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(2)    SECONDARY   ALCOHOLS   AND   KETONES. 

In  the  secondary  alcohols  the  group  OH  is  linked  to  a  carbon  atom, 
itself  combined  with  two  other  atoms  of  carbon.  The  lowest  member 
in  the  series  contains  consequently  three  atoms  of  carbon,  and  is  the 
secondary  propyl  alcohol  or  dimethyl  carhinol : — 

CH3 


CH.OH     =     ^5»  j  CH.OH 
CH« 


This  body  may  be  regarded  as  methyl  alcohol  in  which  two  hydro- 
gen atoms  are  substituted  by  methyl,  and  has  therefore  received  the 
name  dimethyl  carbinol,  the  term  carbinol  being  used  for  methyl 
alcohol  in  order  to  avoid  such  cumbrous  terms  as  dimethylated 
methyl  alcohol,  &c. 

Secondary  alcohols  are  formed  by  several  general  reactions : — 

(1)  On  acting  with  chlorine  upon  the  paraffins  there  is  always  a 
mixture  of  a  primary  and  a  secondary  chloride  formed  at  the  same 
time. 

(2)  All  alcohols  of  polygenic  radicals  yield,  on  heating  them  with 
an  excess  of  concentrated  hydriodic  acid,  secondary  iodides.  Thus 
mannite  CoH8(0H)g  is  converted  by  this  reaction  into  a  secondary 
hexyl  iodide : — 


CeHgCOH)^  -f  llHI  =  CeHijI  +  GHjO  +  51 


2 


(3)  The  hydrocarbons  of  the  series  CnHja  combine  directly  with 
the  hydracids  forming  secondary  chlorides,  bromides,  or  iodides: — 

CHo  CHo 

I  I 

CH  +  HI     =     CHI 

I 


From  these  clilorides,  &c.,  the  alcohols  are  obtained  by  the  same 
reactions  by  which  the  primary  chlorides  are  converted  into  alcohols. 

The  secondary  alcohols,  as  well  as  their  haloid  ethers,  differ  from 
the  primary  compounds  by  being  much  more  easily  resolved  into  an 
olefine  and  water  or  a  hydracid.  Both  groups,  however,  are  most 
readily  distinguished  by  their  products  of  oxidation.  The  secondary 
alcohols  lose  in  the  first  instance,  like  the  primary  alcohols,  two 
atoms  of  hydrogen,  but  the  compound  thus  formed  is  not  an  aldehyde 
but  an  acetone  or  ketone : — 
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Dimethyl  Carbinol.  Dimethyl  Ketone. 

CH3  CH3 

I  I 

CH.OH  -  H^      =      CO 


CH3  CH3 

The  ketones  contain  two  alcohol  radicals  combined  with  carbonyl ; 
they  maybe  obtained  by  dififerent  other  reactions  besides  the  oxidation 
of  secondary  alcohols. 

(1)  By  the  action  of  the  zinc  compounds  of  the  alcohol  radicals 
upon  the  chlorides  of  the  fatty  acids.  Thus  zinc  methide  and  acetyl 
chloride  yield  dimethyl  carbinol,  and  by  acting  upon  the  same  chloride 
with  zinc  ethide,  methyl-ethyl  ketone  is  produced  : — 

CO     +ZnCl2 
CH 

(2)  Ketones  are  also  formed  by  the  destructive  distillation  of  the 
calcium-  and  other  salts  of  fatty  acids,  or  by  passing  the  vapours  of 
these  acids  through  a  red-hot  tube  : — 

CH3 

I  CH3 

CO.OH  I 

=      CO  +  CO2  +  H^O 

CO.OH  I 

I  CH3 
CH3 

The  ketones  are  capable  of  combining  with  nascent  hydrogen  like 

the  aldehydes,   a  secondary  alcohol  being  again    formed ;   but  on 

further  ■  oxidation  they  do  not  yield  like   the  aldehydes   an  acid 

containing  the  same  number  of  carbon  atoms,  but  the  molecule  is 

broken  up  into  two  fragments  according  to  the  following  law.     The 

most  simple  alcohol  radical  remains  combined  with  the  carboxyl  and 

forms  a  fatty  acid,  whilst  the  other  alcohol  radical  is  oxidized  exactly 

in  the  same  way  as  the  alcohol  corresponding  to  it  would  be.     Thus 

CH  1 
dimethyl  ketone  pjr*  f  CO  yields  acetic  acid  and  formic  acid  (or  carbon 

dioxide) ;  methyl-ethyl  ketone  q  jf  f  CO  yields  only  acetic  acid,  and 

CHI 
diethyl  ketone  p^xj^  f  CO  acetic  and  propionic  acids,  and  the  same 

^    *  CH  ^ 

two  acids  are  obtained  from  m^thyl-propyl  ketone  q  „'  r  CO,  whilst 

CH  1  .  3    7j 

m^thyl'isopropyl  ketone  ,Qg  n  qt|  f  CO  is  first  resolved  into  acetic 
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acid  and  dimethyl  ketone,  which  latter  is  then  further  oxidized  as 
stated  above. 

The  constitution  of  a  secondary  alcohol,  as  well  as  a  ketone,  can 
therefore  be  easily  ascertained  by  examining  their  products  of  oxida- 
tion.    Thus  the  secondary  hexyl  alcohol  from  mannite  was  found  to 

be  methyl-butyl  carbinol  n  tt^  \  CH.OH ;  for  it  yields  on  oxidation 

first  a  ketone,  which  on  further  oxidation  is  resolved  into  acetic  and 
butyric  acids. 

The  following  table  contains  the  secondary  alcohols  which  have  so 
far  been  prepared  : — 

Boiling-point 

Dimethyl  Carbinol  ^JJ' }  CH.OH  84° 

Methyl-ethyl  Carbinol  i'S*  |  CH.OH  97 

CH  1 

Methyl-isopropyl  Carbinol.  Qg  v  qj|  J-  CH.OH         108 

Methyl-propyl  Carbinol  ^g»  j  CH.OH  120 

Methyl-butyl  Carbinol  ^J^  |  CH.OH  136 

Methyl-amyl  Carbinol    .^jj  .  ^^^  I  CH.OH  147 

Methyl-pentyl  Carbinol  ^^^8 1  CH.OH  160 

Methyl-hexyl  Carbinol  ^^a  I  CH.OH  181 

Methyl-nonyl  Carbinol  ^^^s  |  CH.OH  229 


(3)   TERTIARY    ALCOHOLS. 

In  these  alcohols  the  hydroxyl  is  combined  with  a  carbon  atom 
itself  linked  to  three  others,  the  lowest  member  of  the  group  being 
trimethyl  carbinol  or  tertiary  butyl  alcohol  (CHg)3C.0Ii.  Tertiary 
alcohols  are  formed  by  one  general  reaction,  viz.  the  action  of  the 
chlorides  of  the  fatty  acids  upon  the  zinc  compounds  of  the 
alcohol  radicals.  As  we  have  already  seen,  acetones  are  formed  by 
acting  with  two  molecules  of  these  chlorides  upon  one  molecule  of 
the  zinc  compound,  but  when  an  excess  of  the  latter  is  employed  the 
acetone  combines  with  it  just  as  it  combines  with  one  molecule  of 
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hydrogen.  Thus  on  adding  an  excess  of  zinc  methide  to  acetyl  chloride 

we  obtain  the  compound  CH,  VCO.ZnCHj,  which  is  decomposed  by 

CH3J 
water  with  the  formation  of  trimethyl  carbinol,  marsh-gas,  and  zinc 
hydroxide : — 

CH3) 

.ZnCH,  +  2H,0  =  CH,  VC.OH  +  CH.  +  Zn(OH), 

CH3J 

The  oxidation  of  tertiary  alcohols  takes  place  according  to  a  law 
similar  to  that  which  rules  the  oxidation  of  the  ketones ;  the  most 
simple  alcohol  radical  remaining  combined  with  the  carbon-atom  by 
which  the  whole  group  is  kept  together,  whilst  the  two  other  radicals 
are  oxidized  separately. 

•The  following  tertiary  alcohols  are  known : — 

Boiling-point. 

Trimethyl  Carbinol  CH,  VC.OH  82° 


CH3 


Dimethyl-ethyl  Carbinol  CH3  VC.OH  100 


CjHj 
CH3 


Dimethyl-isopropyl  Carbinol       CHg  tc.OH  112 

(CH3),CH  j 

Dimethy  1-propyl  Carbmol  Ch!  t  C.OH  115 


Methyl-diethyl  Carbinol  C-H,  VC.OH  120 


Triethyl  Carbinol  C^R^  I  C.OH  140 


Diethyl-propyl  Carbinol  C^Hg  VC.OH 


A  very  singular  reaction  must  be  mentioned  here  by  which  normal 
primary  alcohols  may  be  converted  int<)  iso-alcohols,  secondary,  and 
tertiary  alcohols.  This  general  method  consists  in  heating  the  hydro- 
chlorides of  the  amines  with  silver  nitrite  and  water.  Thus  when 
normal  propylamine  is  submitted  to  this  reaction  it  is  converted  into 
secondary  propyl  alcohol : — 
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CHjj  CH3 


CH.     +     NO.OH      =      CH.OH  +  N, +  H«0 

I  I 

CHyNHj  CHg 

By  the  same  reaction  primaty  nonnal  butylamine  is  transformed 
into  isobutyl  alcohol,  and  isobutylamine  into  tertiary  butyl  alcohol: — 

CHo  CH« 

I  I 

I       +  NO.OH      =      I  +N.  +  H.0 

CH,  CH.OH 

I  I 

CHyNHj  CHg 


CH3 


h 


Crig  CH3 


^H^  \/ 


CH.OH 

I 
CH, 


+  NO.OH      =      C.OH  +  N2  +  llfi 

CH, 


'8 


The  action  of  nitrous  acid  on  the  monamines  may  thus  be  described 
as  always  producing  the  alcohol  of  a  radical  containing  one  more 
methyl  group  than  the  original  amine,  provided  the  amine  be  capable 
of  forming  an  isomeride  containing  one  more  methyl ;  thus  tertiary 
butylamine  cannot  contain  more  than  three  methyl-groups,  and  yields, 
therefore,  by  the  above  reaction  again  the  tertiary  alcohol. 


METHYL    COMPOUNDS. 

Methyl  Alcohol  CH3.OH. — This  compound,  commonly  called  wood 
spirit  (JbiOv  wine,  v\ri  wood),  occurs  amongst  the  products  of  the  de- 
structive distillation  of  wood,  forming  about  one  per  cent,  of  the 
aqueous  distillate.  To  isolate  it,  the  liquid,  which  contains  a  large 
quantity  of  acetic  acid,  is  distilled,  and  the  first  portion  of  the  distil- 
late, consisting  of  aqueous  methyl  alcohol  mixed  with  other  volatile 
bodies,  such  as  methyl  acetate,  acetone,  dimethyl  acetal,  and  empy- 
reumatic  oils,  is  rectified  over  quicklime.  On  adding  anhydrous  cal- 
cium chloride  to  the  liquid,  heat  is  evolved,  the  methyl  alcohol 
combining  with  the  calcium  chloride  forming  a  solid  crystalline  com- 
pound, whilst  the  other  bodies  present  remain  as  an  oily  layer  which 
is  poured  off,  the  last  traces  of  these  being  removed  by  heating  the 
solid  mass  to  100**,  at  which  temperature  the  compoimd  is  not  decom- 
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posed.  The  dry  residue  yields,  on  distillation  with  water,  aqueous 
methyl  alcohol,  which  is  dried  over  quicklime  and  again  distilled 
from  a  water  bath. 

The  alcohol  thus  obtained  is  not  quite  pure.  To  prepare  the  pure 
compound,  pirrified  wood  spirit  is  carefully  mixed  with  its  own  weight 
of  sulphuric  acid,  two  parts  of  potassium  binoxalate  are  added,  and 
the  mixture  distilled.  As  soon  as  crystals  of  methyl  oxalate  appear 
in  the  neck  of  the  retort,  the  receiver  is  changed  and  the  distillation 
continued  as  long  as  this  compound  comes  over.  These  crystals  are 
finely  powdered,  pressed  between  filter  paper,  and  dried  over  sulphuric 
acid.  On  distilling  the  pure  ether  with  water  it  splits  up  into  methyl 
alcohol  and  oxalic  acid : — 

The  dilute  methyl  alcohol  thus  obtained  is  distilled  from  a  water 
bath,  to  remove  the  greater  part  of  the  water,  dried  over  quicklime, 
and  rectified. 

The  winter-green  oil  from  Gmdtheria  procumbens,  a  plant  indi- 
genous to  North  America,  consists  chiefly  of  the  methyl  ether  of 
salicylic  acid.  On  distilling  this  oil  with  caustic  potash  pure  methyl 
alcohol  is  obtained. 

Methyl  alcohol  is  a  colourless,  mobile  liquid,  possessing  a  pure 
spirituous  smell ;  its  specific  gravity  is  0*8142  at  C*,  and  it  boils  at 
66^  It  burns  with  a  bluish  non-luminous  flame,  and  is  miscible 
with  water  in  all  proportions.  With  caustic  baryta  and  with  cal- 
cium chloride  it  fonns  crystalline  compounds  which  are  decomposed 
by  water. 

Methyl  alcohol  is  used  instead  of  spirits  of  wine  as  a  solvent  for 
resins,  essential  oils,  &c.,  for  heating  purposes,  and  in  the  manufacture 
of  aniline  colours. 

On  oxidation  it  is  converted  into  formic  acid ;  this  acid  is  also 
formed  by  passing  the  vapour  over  heated  soda-lime  : — 

CH3.OH  +  NaOH  =  CHO.ONa  +  2H2 

Potassium  and  sodium  dissolve  in  methyl  alcohol  with  the  evolu- 
tion of  hydrogen.  On  cooling,  the  compounds  CH3.OK  or  CHg-ONa 
crystallize  out,  which  are  decomposed  by  water,  methyl  alcohol  and 
caustic  alkali  being  formed. 

Methyl  Chloride  CH3CI  is  obtained  by  heating  a  mixture  of  one 
part  of  methyl  alcohol  and  three  parts  of  sulphuric  acid  with  two 
parts  of  common  salt : — 

CHyOH  +  NaCl  +  H^SO^  =  CH3CI  +  NaHSO^  +  H^O 

It  is  a  colourless  gas,  possessing  an  ethereal  smell.  When  exposed 
to  a  low  temperature  it  is  condensed  to  a  mobile  liquid,  boiling  at 
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—  21**.  It  bums  with  a  fine  green  flame,  like  most  organic  chlorine 
compounds.  On  heating  it  for  some  time  in  closed  vessels  with 
caustic  potash  to  100°  methyl  alcohol  is  formed  : — 

CH3CI  +  KOH  =  CH3.OH  +  KCl 

Methyl  Bromide  CHjBr  is  formed  by  acting  on  methyl  alcohol 
with  phosphorus  and  bromine.  It  is  a  colourless  liquid,  heavier  than 
water,  and  boiling  at  +  13°. 

Methyl  Iodide  CH3I. — To  prepare  this  compound  100  parts  of 
iodine  are  gradually  added  to  a  mixture  of  thirty-five  parts  of  puri- 
fied wood  spirit  and  ten  parts  of  amorphous  phosphonis.  After 
standing  for  some  hours  the  methyl  iodide  is  distilled  off: — 

5CH3.OH  +  51  -h  P  =  5CH3I  -h  H3PO,  -f  HjO 

Methyl  iodide  is  a  colourless  liquid  with  the  specific  gravity  2*2  at 
0°.  It  boils  at  43°,  and  possesses  a  peculiar  smell  somewhat  resem- 
bling that  of  garlic  Like  other  alcoholic  iodides  it  becomes  brown 
when  exposed  to  light  and  air  by  the  separation  of  free  iodine.  It  is 
used  in  the  manufacture  of  aniline  violets  and  green. 

Methyl  Nitrate  -^q^  {-  0,  a  colourless  liquid  with  a  pleasant  smell, 

is  obtained  by  distilling  a  mixture  of  methyl  alcohol,  saltpetre,  and 
sulphuric  acid.  It  boils  at  66°,  and  its  vapour,  when  heated  to  150°, 
decomposes  with  a  violent  explosion.  It  is  also  used  in  the  manu- 
facture of  aniline  colours. 

Methylsulphuric  Acid     ^  |  SO^.— On  mixing  methyl  alcohol  with 

concentrated  sulphuric  acid  much  heat  is  evolved,  the  following 
reaction  taking  place: — 

CH3.OH  +  ^  I  SO,  =  ^^1 1  SO,  -h  HgO 

To  obtain  the  pure  compound  the  mixture,  which  contains  some 
free  methyl  alcohol  and  an  excess  of  sulphuric  acid,  is  diluted  with 
water,  and  carefully  neutralized  in  the  cold  with  freshly  precipitated 
barium  carbonate,  and  the  filtrate  evaporated  at  a  low  temperature 
to  obtain  the  barium  salt  of  the  monobasic  methylsulphuricj  acid, 
which  forms  colourless  crystals  having  the  composition  (CH3)2(SO,)2Ba 
+  2H2O.  On  adding  dilute  sulphuric  acid  to  the  aqueous  solution 
of  this  salt  until  all  the  barium  is  precipitated,  a  solution  of  the  free 
methylsulphuric  acid  is  obtained,  which  on  evaporation  in  vacuo 
crystallizes  in  white  needles  which  are  readily  soluble  in  water, 
forming  a  strongly  acid  solution. 

Methyl  Sidphate  (CH3)2SO,  is  produced  by  distilling  a  mixture  of 
one  part  of  methyl  alcohol  and  eight  parts  of  sulphuric  acid.  It  is  a 
colourless  liquid,  smelling  like  leek,  and  boiling  at  188°.  On  heating 
it  with  water  it  yields  methyl  alcohol  and  methylsulphuric  acid. 
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Dimethyl  Ether  or  Methyl  Oxide  ^^  >  0.  —  This    compound    is 
formed  by  the  action  of  methyl  alcoliol  on  methylsulphuric  acid : — 


CH3 

H 


}o  +  CH,|so,  =  g«;}o-i-H}so, 


To  prepare  it  methyl  alcoliol  is  distilled  with  four  times  its  weight 
of  sulphuric  acid,  whilst  by  using  a  larger  quantity  of  the  acid  an 
exchange  occurs  in  the  opposite  direction,  methyl  sulphate  and 
water  being  produced. 

Dimethyl  ether  is  a  colourless  gas,  smelling  like  common  ether ; 
it  can  be  condensed  to  a  liquid,  boiling  at  —  21°,  and  combines  with 
sulphur  trioxide,  forming  methyl  sulphate : — 


g2;}o-.so3  =  g«;}so, 


METHYL  CYANIDES. 

Methyl  Cyanide  or  Methyl  Carbamine  CN.CH3. — To  obtain  this  com- 
pound two  molecules  of  silver  cyanide  and  one  molecule  of  methyl 
iodide  diluted  with  some  ether  are  heated  together  for  some  hours  in 
sealed  tubes.  The  products  of  the  reaction  consist  of  silver  iodide  and 
a  crystalline  double  compound  CN.CH3  +  AgCN,  which  is  decomposed 
on  distilling  it  with  potassium  cyanide  and  water. 

Methyl  carbamine  is  a  colourless  liquid,  boiling  at  58**  and  possess- 
ing a  most  penetrating,  unbearable  smell ;  the  inhalation  of  its  vapour 
produces  a  bitter  taste  in  the  mouth  and  deep  down  in  the  throat. 
In  larger  quantities  it  causes  giddiness,  nausea,  and  headache.  Water 
acts  on  it  slowly,  more  quickly,  however,  in  presence  of  acids,  formic 
acid  and  methylamine  being  formed  : — 

CN.CH3  +  2H2O  =  H2N.CH3  +  CH2O2 

On  heating  it  gently  with  mercuric  oxide,  different  products  are 
formed,  amongst  which  methyl  carbimide  is  found : — 

f  CH 
Aceto7iitrile  i  p^^ — On  distilling  a  mixture  of  potassium  cyanide 

and  potassium  methylsulphate,  only  a  small  quantity  of  methyl 
carbamine  is  obtained,  the  greater  portion  undergoing  a  molecular 
change,  and  forming  the  isomeric  nitrile,  a  colourless  liquid,  boiling  at 
77°,  and  possessing  a  penetrating  but  not  disagreeable  smelL  It  is 
not  acted  upon  by  dilute  acids,  but  on  heating  it  with  a  solution  of 
caustic  potash  it  yields  ammonia  and  potassium  acetate : — 

CH3.CN  +  KOH  -h  HP  =  ^^^  ^K  }  ^  -^  ^^^^3 
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Methyl  Carbimide  N-J  qq*  is  obtained  by  distilling  a  mixture  of 

potassium  cyanate  and  potassium  methylsulphate.  It  is  a  colour- 
less, very  volatile  liquid,  having  a  very  pungent  and  irritating  smell. 
This  body  has  for  a  long  time  been  regarded  as  methyl  cyanate, 
a  compound  which  is  not  known  ;  on  heating  it  with  caustic  potash 
it  does  not  yield  potassium  cyanate  and  methyl  alcohol,  as  would  be 
the  case  if  it  were  a  cyanic  ether,  but  it  gives  potassium  carbonate 
and  methylamine : — 

Methyl  Sulphocyanate    ^^  j-  S,  a  colourless  liquid,  boiling  at  133^ 

and  smelling  like  leek,  is  produced  by  the  distillation  of  potassium 
sulphocyanate  with  potassium  methyl  sulphate. 

{/"ITT 
^g ».— Methylamine     combines    with 

(  NH  OH 
carbon  disulphide,  forming  methylsulphocarbonic  acid  CS  -j  gjj '      ^' 

On  heating  the  silver  salt  of  this  acid  with  water,  the  following  de- 
composition occurs : — 

Methyl  sulphocarbimide  forms  white  crystals,  melting  at  34°  and 
boiling  at  119° ;  its  odour  is  pungent,  and  resembles  that  of  horse- 
radish. The  sulphocarbimides  are  also  called  mustard  oils,  because 
they  all  have  a  great  resemblance  to  the  essential  oil  of  mustard, 

which  consists  of  allyl  sulphocarbimide  N  ■<  q?^  ^' 


NITROGEN  BASES  OF  METHYL. 

When  methyl  iodide  is  heated  in  closed  vessels  with  an  alcoholic 
solution  of  ammonia,  the  hydriodides  of  the  three  amines,  together 
with  tetramethylammonium  iodide,  are  formed  at  the  same  time. 
To  separate  these  compounds  the  liquid  is  filtered,  the  greater  part 
of  the  tetrammonium  iodide,  which  is  sparingly  soluble  in  alcohol, 
being  left  behind.  The  filtrate  is  evaporated  to  dryness,  and  the  resi- 
due distilled  with  caustic  potash.  The  vapour  is  passed  into  a  well- 
cooled  receiver,  in  order  to  condense  the  dimethylamine  and  trime- 
thylamine,  whilst  the  greater  part  of  the  methylamine  escapes  and  is 
absorbed  by  dilute  hydrochloric  acid.  The  mixture  of  the  two  bases, 
containing  a  little  methylamine,  is  mixed  with  ethyl  oxalate,  when  the 
following  reactions  take  place : — 
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Methylamine  forms  methyloxamide  : — 
2(NH2.CH3)  +  C,02(0C,H,),  =  C.O^CNH.CHg),  +  2(C,H,.0H) 

Dimethylamine  is  converted  into  the  ethyl  ether  of  diniethyl- 
oxaminic  acid : — 

Trimethylamine,  which  is  not  acted  upon  by  the  oxalic  ether,  is 
removed  by  distillation  from  a  water  bath,  and  the  residue  exhausted 
with  water,  which  dissolves  the  dimethyl-oxamic  ether,  whilst 
methyloxamide  is  left  behind. 

f  CH3 

Methylamine  Nk  H      is  obtained  by  distilling  the  hydrochloride 

or  methyloxamide  with  caustic  potash.     It  is  also  formed  by  heating 
methyl  nitrate  with  aqueous  ammonia  to  100° : — 

CH3.NO3  +  NH3  =  ^2^  I  N.NO3H 

On  bringing  hydrocyanic  acid  in  contact  with  tin  and  hydrochloric 
acid  it  combines  with  the  nascent  hydrogen  to  form  methylamine : — 


nch  +  h^  =  n|S^3 


H. 


A  fourth  method  to  obtain  this  base  is  the  decomposition  of  methyl 
carbimide  by  alkalis;  this  is  the  reaction  by  which  it  was  dis- 
covered. 

Methylamine  is  a  colourless  gas,  condensible  by  means  of  a  freezing 
mixture  to  a  colourless,  mobile  liquid.  It  possesses  a  strong  ammo- 
niacal  smell,  and  is  more  soluble  in  water  than  ammonia,  one  volume  of 
water  at  the  common  temperature  dissolving  about  1,000  volumes  of 
the  gas.  Methylaipine  is  inflammable,  and  bums  with  a  yellowish 
flame.  The  aqueous  solution  precipitates  metallic  salts  like  ammo- 
nia ;  the  precipitate  produced  in  copper  salts  is  soluble  in  excess, 
forming  a  deep  blue  liquid,  but  the  hydroxides  of  cobalt,  nickel,  and 
cadmium  are  insoluble  in  methylamine,  whilst  silver  chloride  is  readily 
dissolved.  With  acids  it  forms  neutral  soluble  salts  ;  the  platinum 
double  chloride  (N(CH3)3HC1)2  +  PtCl^  crystallizes  from  boiling 
water  in  golden  yellow  plates. 

Methylamine  occurs  in  the  brine  of  herrings  and  amongst  the  pro- 
ducts of  the  destructive  distillation  of  animal  matter  and  wood. 

.  CH3) 

Dimethylamine  CH3  vN  is  obtained  by  distilling  ethyl  dimethyl- 

HJ 
oxamate  with  caustic  potash : — 

^«0«  {  OC^H^ *  +  2K0H  =  N  {  g'^3),  +  c A  {  qk  +^^^^-0^ 


96  THE  CHEMISTRY  OF 

It  is  a  colourless  gas  possessing  an  ammoniacal  smell,  and  con- 
densing at  +  8"*  to  a  mobile  liquid. 

Trimethylamine  CH3  >  N"  boils  at  +  9*3^  possesses  a  strong  smell  of 

CH  j 
ammonia  and  herrings  brine,  and  is  miscible  with  water.  It  occurs 
in  many  plants,  as  in  the  flowers  of  the  hawthorn  and  the  pear-tree, 
and  in  Chenopodium  vulvaria,  as  well  as  in  different  animal  liquids. 
Ver}-  often  it  is  met  with  as  a  product  of  the  decomposition  of  nitro- 
genous animal  or  vegetable  compounds ;  thus  herrings'  brine  contains 
it  in  so  large  a  quantity  that  it  can  be  easily  prepared  from  it  by  dis- 
tillation with  alkalis. 

When  trimethylamine  is  mixed  with  methyl  iodide,  heat  is  evolved, 
tetramethylammonium  iodide  ^{CH^J.  being  formed,  a  salt  which 
forms  colourless  crystals  and  is  not  decomposed  by  alkalis.  On  treat- 
ing its  aqueous  solution  with  freshly  precipitated  silver  oxide,  a 
strongly  alkaline  solution  of  the  hydroxide  N(CH3)^0H  is  obtained, 
which  by  evaporation  in  vacuo  over  sulphuric  acid  is  left  behind  as  a 
cr}'stalline  mass,  which  is  as  caustic  as  caustic  potash.  When  exposed 
to  the  air  it  rapidly  absorbs  water  and  carbon  dioxide. 


PHOSPHORUR   BASES   OF   METHYL. 
CH3) 

Methylphosphine      H  >P. — The  hydriodide  of  this  base  is  produced 

on  heating  a   mixture   of  methyl  iodide,  phosphonium  iodide,  and 
zinc  oxide  in  sealed  tubes  for  four  hours  to  150° : — 

2CH3I  +  2PH  J  +  ZnO  =  2(P(CH3)H2.HI)  +  Znl^  +  H^O 

On  adding  water  the  hydriodide  splits  up  into  hydriodic  acid  and 
methylphosphine,  a  colourless  gas,  having  a  most  penetrating  and 
overpowering  smell.  By  pressure  or  cold  it  is  condensed  to  a  light 
liquid,  which  boils  at  —  14°.  On  mixing  the  gas  with  air  it  takes 
oxygen  up,  forming  white  fumes,  and  when  gently  heated  it  takes 
fire.  With  acids  it  readily  combines,  forming  well-defined  salts, 
which  are  all  decomposed  by  water.  These  salts  possess  the  remark- 
able property  of  bleaching  vegetable  colours,  whilst  the  free  base  does 
not  act  upon  them.  This  can  be  easily  shown  by  holding  litmus 
paper,  which  has  been  partly  moistened  with  an  acid  and  partly  with 
water,  in  the  gaseous  base,  when  only  the  portion  moistened  with  the 
acid  will  be  bleached.  Amongst  the  salts  the  most  characteristic  is 
the  hydriodide  N(CH3)H3l,  obtained  in  compact  crystals  by  passing 
the  gas  into  most  concentrated  hydriodic  acid,  whilst  from  hydriodic 
acid  diluted  with  ether  it  crystallizes  in  iridescent  plates. 

On  passing  methylphosphine  into  fuming  nitric  acid  it  is  oxidized 
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dibasic  metliylphospliinic  acid  P03(CH3)H2   being  formed,  a  white 
crystalline  mass,  readily  soluble  in  water,  and  possessing  an  acid  tastei 

CH, 
Dimethylphosphine   CIJ3  J^P. — The    hydriodide    of    this   base    is 


U3IP.-' 

hJ 


formed  together  with  methylphosphine,  and  remains  behind  after  the 
addition  of  water  in  combination  with  zinc  iodide : — 

2CH3I  +  PII4I  +  ZnO  =  (CH3)2HP.UT,  Znl^  +  H^O 

This  double  compound  is  decomposed  by  caustic  potash,  and  the 
free  base  obtained  as  a  colourless  liquid  boiling  at  25°.  Exposed  to 
the  air  it  takes  fire,  and  burns  with  a  luminous  phosphorus-like  flame. 

By  the  action  of  nitric  acid  it  is  converted  into  dimethylphosphinic 
acid  P03(CH3)2H,  which  is  monobasic  and  forms  a  white  crystalline 
mass  melting  at  7G°  and  volatilizing  at  a  higher  temperature  without 
decomposition. 

CH3) 

Trimcthylphosphine    CH3  >  P   is   formed   by  the   action   of   zinc 

CH,j 
methyl  upon  phosphorus  trichloride.  It  is  a  colourless  liquid,  boiling 
at  40°  and  possessing  a  peculiar  penetrating  smelL  It  combines  with 
methyl  iodide  to  form  tetramethyjphosphoniinn  iodide  P(CH3)^I,  white 
cr^'stals,  the  solution  of  which  is  decomposed  by  moist  silver  oxide 
with  the  formation  of  the  strongly  alkaline  and  caustic  hydroxide 
P(CH3)^0H.  The  iodide  is  also  formed  together  with  trimcthyl- 
phosphine hydriodide  by  heating  methyl  alcohol  with  phosphonium 
iodide  in  sealed  tubes  : — 

?P\  J  0  -f  PH J  =  (CH3)3P,  HI  +  3JJ  j  0 
4^^«  }  O  +  PH,I  =  (CH3),PI     -f4g}0 


ARSENIC   BASES  OF  METHYL. 

The  compounds  of  methyl  with  arsenic  may  be  considered  as  being 
derived  from  arsenic  trichloride : — 

Arsenic  Trichloride.  Arsenmethyl  Dichlorido. 

r  ci  ( CH3 

As\  CI  As^  CI 

(  CI  (  CI 

Areendimethyl  Chloride.  Arsentrimcthyl. 

fCHj  rcir. 


As-!CH,  A8-<CHi. 

H 


(Cl  (CH, 
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These  compounds  combine  (in  a  manner  analogous  to  phosphonre 
trichloride)  directly  with  one  molecule  of  chlorine,  and  the  com- 
pounds thus  obtained  are  decomposed  by  heat  with  the  elimination 
of  methyl  chloride  :— 

As(CH3)3Cljj  =  As(CH3)2Cl  +  CH3CI 

As(CH3)2Cl3  =  As(CH3)Cl2  +  CH3CI 

The  compound  of  arsenmethyl  diohloride  with  chlorine  can  only 
exist  at  a  very  low  temperature,  as  it  is  rapidly  decomposed  even 
below  0° : — 

ASCH3CI,  =  AsClj  +  CHgCl 

Trimethylarsine  As(CH3)3  is  easily  formed  by  the  action  of 
methyl  iodide  upon  sodium  arsenide  AsNag.  It  is  a  colourless 
liquid,  boiling  at  120°  and  possessing  an  unbearable  garlic-like  odour. 
It  combines  readily  with  the  iodides  of  the  alcohol  radicals. 

Tetramethylarsonium  Iodide  As(C  113)^1  crystallizes  in  shining 
plates ;  its  aqueous  solution  is  easily  acted  upon  by  silver  oxide.  On 
evaporating  the  alkaline  solution  thus  formed  over  sulphuric  acid, 
the  hydroxide  A8(CH3)^OH  is  obtained  in  deliquescent  crystals;  it 
combines  readily  with  acids,  forming  well-crystallized  salts. 

Compounds  of  ArsendiviethyL — The  starting-point  for  the  prepara- 
tion of  these  compounds  is  the  so-called  alcarsine  or  cacodyl  oxide, 
a  highly  poisonous  liquid  possessing  a  most  horrible  smell.  This 
body  is  obtained  on  distilling  a  mixture  of  arsenic  trioxide  and 
potassium  acetate,  a  mixture  of  arsendimethyl  oxide  with  some  arsen- 
dimethyl  being  thus  formed,  which  owing  to  the  presence  of  the 
latter  compound,  takes  fire  in  the  air.  With  fuming  hydrochloric  acid 
it  yields  arsendimethyl  chloride  As(CH3)2Cl,  a  colourless  b'quid  boiling 
at  100°,  and  possessing  a  nauseous  smell;  its  vapour  attacks  the  eyes 
and  the  mucous  membranes.   By  distilling  the  chloride  with  a  solution 

of  caustic  potash  it  yields  pure  arsendimethyl  oxide  a  ^/nxjy  \  0,  an 

oily  liquid  boiling  at  120^  which  is  not  spontaneously  inflammable 
and  does  not  fume  when  exposed  to  the  air. 

Arsendimethyl  a  srCH  )    I  ^  Cacodyl  {Ka/eo^,  oSeti/),  obtained  by 

heating  the  chloride  with  zinc,  is  a  heavy  liquid,  boiling  at  170°.  It 
possesses  an  arsenical  penetrating  smell,  and  is  a  very  strong  poison. 
In  contact  with  the  air  it  takes  fire  and  bums  with  a  yellow  flame, 
giving  off  dense  clouds  of  arsenic  trioxide.  When  air  is  brought 
slowly  in  contact  with  it,  it  is  oxidized  to  cacodyl  oxide  and  cacodylic 
acid. 

Cacodylic  Acid      ^      *'\t  j-  0  is  best  prepared  by  adding  mercuric 

oxide  to  arsendimethyl  oxide,  which  is  covered  by  a  layer  of  water ; 
metallic  mercury  separates  out,  and  on  evaporating  the  solution,  the 
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acid  is  obtained  in  large  colourless  crystals,  which  are  odourless  and 
have  a  slightly  acid  taste.     It  is  not  poisonous. 

Arsenmonomethyl  Compounds, — Arsendiniethyl  trichloride  yields,  as 
we  have  seen,  on  heating,  methyl  chloride  and  arsenmoriomethyl 
dichloride.  The  latter  compound  is  also  obtained  by  the  action  of 
dry  hydrochloric  acid  upon  cacodylic  acid : — 

As(CH3)20  J  Q  ^  gg^j  ^  As(CH3)Cl2  +  CH3CI  +  2Hp 

Arsenmonomethyl  Chloride  AsCHjClj  is  a  colourless  strongly  refract- 
ing liquid  boiling  at  135** ;  its  vapours  violently  attack  the  mucous 
membranes.  On  adding  water  and  potassium  carbonate  to  it  the 
oxide  AsCHjjO  is  obtained  in  colourless  crystals,  which  smell  like 
asafoetida.    By  the  action  of  water  and  silver  oxide  upon  the  oxide 

or  chloride  the  silver  salt  arscnmonomcthylic  acid  AsCHj-j  q*^  is 

formed.  The  free  acid,  obtained  by  decomposing  the  barium  salt  with 
sulphuric  acid,  crystallizes  in  colourless  plates  and  possesses  a  pure 
acid  taste. 


METHYLBORINE  OR  BORON-METnTL  B(CHg)j 

is  formed  by  a  singular  reaction ;  it  is  Obtained  by  acting  on  ethyl 
borate  with  zinc-methyl : — 


2B{oc:H;  +  3Zn{gg3  =  2b|ch;  +  3Zu{0C,H,' 


It  is  a  colourless  gas,  having  a  pungent  smell ;  exposed  to  air  it 
takes  fire,  burning  with  a  smoky  green  flame.  By  strong  pressure  or 
cold  it  can  be  condensed  to  a  liquid.  It  combines  with  dry  ammonia, 
forming  the  compound  B(CH8)3NH3,  a  white  crystalline  mass. 


COMPOUNDS  OP  METHYL  WITH  METALS. 

Zinc  Methide  or  Zinc-methyl  ZnCCHj)^  is  produced  by  heating  zinc 
with  methyl  iodide.  It  is,  however,  much  more  readily  formed  when 
mercuric  methide  is  heated  with  granulated  zinc  in  a  sealed  tube  for 
24  hours  to  120''.  Zinc  methide  is  a  colourless  mobile  liquid,  pos- 
sessing a  peculiar  disagreeable  smell.  It  takes  fire  in  the  air,  burning 
with  a  greenish  blue  flame,  and  with  the  fonnation  of  dense  clouds  of 
zinc  oxide.    With  water  it  forms  zinc  hydroxide  and  methane : — 


Z°{cH.+  2g}0  =  Zu{gg  +  2CH, 


H  2 
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On  adding  sodium  to  zinc  methide,  zinc  separates  out,  and  a 
crystalline  compound  Zn(CIl3)2  +  NaCHj  is  formed.  It  has  not 
been  possible  so  far  to  isolate  from  this  compound  pure  sodium 
methide  NaCHg.  On  passing  carbonic  dioxide  over  it,  it  is  absorbed, 
with  evolution  of  heat  and  formation  of  sodium  acetate  : — 

NaCITs  +  CO2  =  NaCgHgOg 

Mercuric  Methide  HgCCHg)^ — Methyl  iodide  is  not  acted  upon  by 
liquid  sodium  amalgam,  but  on  adding  a  small  quantity  of  acetic 
ether,  a  brisk  reaction  set  in,  sodium  iodide  and  mercury  methide 
being  formed.  It  is  not  understood  what  part  the  acetic  ether  plays 
in  this  reaction,  as  it  remains  unaltered. 

Mercuric  methide  is  a  heavy  colourless  liquid  with  a  peculiar  though 
not  an  unpleasant  smelL  It  is  most  poisonous,  is  not  acted  upon  by 
the  air,  and  boils  at  95°. 


METIlxVNE  AND  ITS  SUBSTITUTION  PRODUCTS. 

Methane,  Methyl  Hydride,  CH^. — This  gas  occurs  in  nature,  being 
always  formed  when  vegetable  matters  decay  in  the  absence  of  air. 
It  ia  found  in  coal  mines  (firedamp),  and  in  marshes  and  stagnant 
waters  (marsh-gas),  and  in  many  districts  it  is  evolved  from  the 
soil,  as  in  Baku  on  the  Caspian  Sea,  where  the  holy  fires  have  been 
burning  from  time  immemorial.  Although  the  most  simple  of  all 
hydrocarbons,  it  cannot  be  produced  by  direct  combination  of  carbon 
and  hydrogen,  but  is  formed  by  passing  hydrogen  sulphide,  mixed 
with  the  vapour  of  carbon  disulphide,  over  red-hot  copper : — 

CS2  +  2SH2  +  4Cu2  =  CH,  +  4CU2S 

Pure  methane  is  obtained  by  the  action  of  water  upon  zinc  methyl, 
but  a  readier  method  to  prepare  it  is  to  heat  a  mixture  of  dry  sodium 
acetate  with  twice  its  weight  of  soda  lime  : — 

{c5>a  +  lS}0  =  CH.  +  C03Na, 

Methane  is  a  colourless,  inodorous  gas,  which  burns  with  a  pale 
flame.  It  has  not  yet  been  condensed  to  a  liquid  by  the  strongest  pres- 
sure or  cold.  With  ten  volumes  of  air  or  with  two  volumes  of  oxygen 
it  forms  a  mixture,  which  ou  applying  a  light  ignites  with  a  violent 
explosion.  By  exposing  a  mixture  of  equal  volumes  of  marsh-gas  and 
chlorine  to  direct  sunlight  an  explosion  takes  place,  with  the  separa- 
tion of  carbon ;  but  in  diffused  light  the  action  goes  on  more  gently, 
the  principal  product  being  methyl  chloride,  and  if  an  excess  of 
chlorine  is  present  higher  chlorinated  substitution  products  are 
formed.    These  bodies  are  generally  regarded  as  compounds  of  dyad 
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and  triad  radicals,  but  as  they  bear  very  little  relation  to  other  groups 
of  carbon  compounds  they  will  be  treated  of  here. 

Methene  Dichloride,  Dichhromethane  CH-Cl^  can  be  obtained  by  the 
action  of  chlorine  upon  marsh-gas,  or  by  adding  hydrochloric  acid  and 
zinc  to  an  alcoholic  solution  of  chloroform.  It  is  a  heavy  liquid, 
smelling  like  chloroform  and  boiling  at  41^ 

Chloroform,  Trichloromethane  CHClg. — The  third  substitution  pro- 
duct of  marsh-gas  is  also  formed  by  the  action  of  bleaching  powder  on 
ethyl  alcohol,  and  other  carbon  compounds.  To  prepare  it  ten  parts 
of  bleaching  powder  are  mixed  with  forty  parts  of  hot  water  in  a 
large  still,  and  one  part  of  spirits  of  wine  is  added ;  a  reaction  soon 
sets  in  by  which  sufficient  heat  is  evolved  to  drive  the  chloroform 
over. 

Chloroform  is  a  colourless  mobile  liquid,  possessing  a  peculiar 
sweetish  smell  and  taste.  It  boils  at  62"*,  and  has  at  0"*  the  specific 
gravity  1'525.  The  inhalation  of  its  vapour  produces  anaesthesia, 
and  it  is  therefore  largely  employed  in  surgical  operations.  It  is  also 
used  as  a  solvent  for  iodine,  bromine>  alkaloids,  gutta  percha,  &c. 

The  smallest  quantity  of  chloroform  can  be  easily  detected  by 
adding  to  the  liquid  to  be  tested  a  monamine  (or  aniline)  and  an 
alcoholic  solution  of  caustic  potash.  When  it  is  present  in  larger 
quantities  the  peculiar  odour  of  the  carbamines  is  given  oflf  at  once, 
or  after  gently  heating  when  only  traces  are  present.  Vice,  versd, 
chloroform  can  be  used  for  detecting  the  presence  of  a  monamine. 

Tetrachloromethaiie,  Carbon  Tetrachloride  CCL  is  best  prepared  by 
acting  with  chlorine  upon  chloroform  in  the  sunlight ;  it  may  also  be 
obtained  by  passing  chlorine  and  carbon  disulphide  through  a  porcelain 
tube  filled  with  fragments  of  porcelain.  It  is  a  heavy  liquid,  boiling 
at  77**  and  possessing  the  odour  of  chloroform.  On  heating  it  with  an 
alcoholic  solution  of  potash  it  yields  potassium  chloride,  potassium 
carbonate,  and  water  : — 

CCl,  -h  6K0H  =  CO  I  ^1  +  4KC1  -h  SH^O 

When  its  vapour  mixed  with  hydrogen  is  passed  through  a  glass- 
tube  filled  with  broken  glass,  and  heated  to  a  dull  red  heat,  hexa- 
chlorethane  CgClg  is  formed : — 

2CC1,  +  H<j  =  2HC1  +  CaCle 

Bromoform,  TrihromoTruthane  CHBrg,  a  liquid  resembling  chloroform 
and  boiling  at  152°,  is  obtained  by  adding  bromine  to  a  solution  of 
])otash  in  ethyl  alcohol ;  bromoform  very  often  occurs  in  commercial 
bromine. 

TeirabromoTTuthane,  Carbon  Tetrabromide  CBr^. — On  heating  bromine 
with  carbon  disulphide  in  sealed  tubes  to  ISO"*,  an  exceedingly  slow 
action  sets  in,  which  is  very  much  accelerated  by  adding  some  iodine. 
To  prepare  tetrabromomethane,  two  parts  of  carbon  disulphide,  four- 
teen parts  of  bromine,  and  three  parts  of  iodine  are  heated  to  150^ 
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in  sealed  tubes  for  forty-eight  hours.  It  is  also  readily  formed  by 
heating  bromoform  with  bromine  and  iodine.  Tetrabromomethane 
crystallizes  in  white  shining  plates,  melting  at  91°,  and  boiling  with 
slight  decomposition  at  1895°. 

Iodoform,  Tri-wdomcihane  CHIg. — This  compound  is  formed  by 
acting  with  potash  or  potassium  carbonate  and  iodine  upon  ethyl 
alcohol,  aldehyde,  acetone,  and  many  other  carbon  compounds,  but 
pure  methj'^l  alcohol  yields  no  iodoform.  It  crystallizes  in  yellow 
scales,  smells  like  saffron,  melts  at  120°,  and  is  decomposed  at  a 
higher  temperature,  but  may  be  volatilized  in  a  current  of  steam. 
On  heating  it  in  a  closed  tube  for  some  time  to  150°,  methenc  di- 
iodide  or  di-iodo7nethane  CHglg  is  formed,  a  compound  which  can  also 
be  obtained  by  heating  chloroform  with  fuming  hydriodic  acid  : — 

CHCI3  +  4HI  =  CH2I2  +  3HC1  +  Ig 

This  compound  is  a  yellowish  heavy  liquid,  which  boils  at  181°  and 
at  —  2°  solidifies  to  a  crystalline  mass. 

NitroMoroforui,  Nitrotrichloroviethane,  or  Chloropicriii  C(i!iO^Cl^  is 
formed  when  methyl-  or  ethyl  alcohol  are  distilled  with  salt,  saltpetre, 
and  sulphuric  acid,  and  also  by  the  distillation  of  many  nitro-com- 
pounds  with  a  solution  of  bleaching  powder. 

It  is  best  prepared  by  mixing  in  a  still,  ten  parts  of  bleaching 
powder  with  water  to  form  a  paste,  and  adding  one  part  of  picric 
acid  CgH2(N02)30H ;  a  violent  reaction  sets  in  and  the  chloropicrin 
distils  over.  It  is  a  colourless  liquid,  possessing  a  most  irritating 
smell,  and  boiling  at  112°.  On  distilling  it  with  acetic  acid  and  iron- 
filing  it  is  reduced  to  methylamine  : — 

0(NOjj)Clg  +  6H2  ^  CH8.NH2  +  3HC1  +  2H2O 

Nitroform,  Trimtromethane,  CH(N02)3. — This  body  is  produced  by 
decomposing  trinitroacctonUrile  CgCNOjjjN  (see  Fulminates)  with 
water : — 

{  CN  ^'^^  +  2H3O  =  CO2  +  NH3  +  CH(N02)3 

Nitroform  is  a  weak  acid ;  the  product  of  the  reaction  consists 
therefore  of  the  ammonium  salt.  On  acting  on  trinitroacetonitrile  with 
caustic  potash,  the  potassium  salt  CK(N02)3  is  obtained,  which  forms 
yellow  crystals.  On  adding  concentrated  sulphuric  acid  to  one  of 
these  salts,  nitroform  separates  out  as  a  light  oily  layer,  which  oi^ 
cooling  solidifies,  forming  colourless,  cubical  crystals.  It  has  an  un- 
pleasant smell  and  bitter  taste,  and  is  highly  inflammable.  In  water 
it  dissolves  with  a  yellow  colour.  On  quickly  heating  it  or  one  of  its 
salts,  it  decomposes  with  a  violent  explosion. 

Teiranitromeihanc  C(N02)4. — By  passing  a  current  of  air  through  a 
solution  of  nitroform  in  a  mixture  of  concentrated  nitric  and  sulphuric 
acids,  tetranitromethanc  distils  over: — 
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CH(N0^3  +  ^H* }  0  =  C(NO,),  +  2  }  O 

It  is  a  colourless  mobile  liquid,  boiling  at  126^  and  solidifying  at 
—  13^  It  is  not  explosive,  and  not  intiarainable,  but  on  pouring  it 
over  red-hot  charcoal  a  vivid  combustion  sets  in. 

f  SO,H 

Methine-trisulphonicAcidCH.^  SO3H. — This    acid   is    formed    by 

( SO3H 

heating  calcium  methyl-sulphate  with  a  large  excess  of  fuming 
sulphuric  acid  for  some  time  to  100°.  To  obtain  the  free  acid,  the 
lead  salt  is  decomposed  by  hydrogen  sulphide ;  it  crystallizes  in  long 
delique^ent  needles.  It  is  a  powerful  tribasic  acid,  decomposing 
nitrates  and  chlorides,  and  forming  well-crystallized  salts,  of  which 
the  lead  and  barium  salt  are  sparingly  soluble  in  water. 

Chianidine  C(NH)(NH2)2. — ^This  powerful  base  was  first  obtained 
from  guanine  C^H^N^O,  a  compound  occurring  in  guano.  It  is  also 
formed  by  heating  biuret  (see  page  67)  in  a  current  of  dry  hydro- 
chloric acid  gas. 

Guanidine  is  also  easily  produced  by  heating  cyanogen  iodide  with 
an  alcoholic  solution  of  ammonia : — 

ICN  +  2NHs  =  C(NH)  I  ^^^  +  ^^ 

or  by  the  action  of  alcoholic  ammonia  upon  chloropicrin : — 

CCljNOg  +  4NH3  =  C(NH)(NH2)2  +  3HC1  -f  Ng  +  2H2O 

Guanidine  combines  with  acids,  forming  crystalline  salts,  of  which 
the  nitrate  is  only  sparingly  soluble  in  water.  "When  a  solution 
of  silver  nitrate  is  added  to  its  solution  the  compound  CHjNj.AgNOj 
separates  in  colourless  needles.  On  adding  gold  chloride  to  a  mode- 
rately concentrated  solution  of  guanidine  hydrochloride  the  double 
salt  CH.N3  CIH  +  AuClg  crystallizes  after  some  time  in  beautiful, 
deep-yellow,  long  needles. 

To  obtain  the  free  base  the  hydrochloride  or  hydriodide  is  decom- 
posed with  a  solution  of  silver  sulphate,  and  baryta-water  is  added  as 
long  as  a  precipitate  is  fonned.  Chi  evaporating  the  filtrate  in  vacuoy 
guanidine  is  left  behind  in  colourless  crystals,  which  are  soluble  in 
water  and  alcohol ;  it  possesses  a  strongly  alkaline  taste,  and  readily 
absorbs  caibon  dioxide  from  the  air. 


FORMYL   COMPOUNDS. 


Methyl  Aldehyde  or  Formaldehyde  CHjO  is  a  colourless  gas, 
possessing  a  pungent  and  suffocating  smell.  It  is  formed  by  passing 
a  current  of  air  charged  with  vapour  of  methyl  alcohol  over  a  coil  of 
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red-hot  platinum  wire.  The  product  condensed  in  a  well-cooled 
receiver  consists  of  a  solution  of  the  aldehyde  in  methyl  alcohol. 
Exposed  to  the  air,  it  absorbs  oxygen,  the  aldehyde  being  oxidized 
to  formic  acid.  This  oxidation  takes  place  quickly  on  adding  a  little 
ammonia  and  silver  nitrate  to  the  liquid  and  heating  the  mixture 
gently;  metallic  silver  separates  out,  which  coats  the  sides  of  the 
vessel  with  a  brilliant  metallic  miiTor  : — 

CHp  +  AggO  =  CHp,  -f  Ag2 

Like  other  aldehydes,  formaldehyde  readily  changes  into  a  polymeric 
modification ;  for  this  reason  it  is  impossible  to  isolate  the  pure  com- 
pound from  its  solution,  which,  on  evaporation  in  vacuo  over  sulphuric 
acid,  leaves  a  white  solid  residue  ^i 'paraformaldehyde  CjHgO^,  a  body 

Cli  CI  1 
which  is  also  formed  by  heating  dichloromethyl  ether  pTj^pi  \  O 

with  water,  and  further  by  the  action  of  silver  oxalate  on  methene 
iodide  : — 

SCgO.Aga  +  SCHJg  =  Q^p^  +  6AgI  +  3C0  -f  3CO2 

Paraformaldehyde  (formerly  called  dioxymdhene)  is  a  white  in- 
distinctly crystalline  inass,  which  sublimes  below  100°  without  pre- 
viously melting.  When  it  is  heated  in  a  closed  vessel,  it  melts  at 
152'',  and  boils  at  a  few  degrees  higher,  at  the  same  time  being  resolved 
into  three  molecules  of  gaseous  formaldehyde.  This  gas  can  only 
be  kept  for  a  short  time  at  the  common  temperature;  when  it  is 
collected  over  mercury,  the  mercury  soon  begins  to  rise,  the  aldehyde 
being  rapidly  reconverted  into  the  paraldehyde. 

Formic  Acid  tt  !-  0. — This  acid  exists  in  the  free  state  in  sting- 
ing-nettles, in  red  ants,  and  in  several  species  of  caterpillars.  Tt  may 
be  obtained  by  oxidizing  methyl  alcohol  by  means  of  dilute  sulphuric 
acid  and  potassium  chromate  or  manganese  dioxide.  Besides  methyl 
alcohol  a  great  number  of  other  carbon  compounds,  such  as  sugar, 
gum,  and  starch,  yield  formic  acid  as  a  product  of  oxidation. 

Formic  acid  is  obtained  synthetically  by  heating  carbon  oxide  and 
caustic  potash  in  closed  vessels,  to  100° : — 

or  by  the  action  of  moist  carbon  dioxide  on  potassium : — 

200{Sg-K,-co{OH,coHj„^nj„ 

The  best  method,  however,  for  preparing  large  quantities  of  formic 
aoid  consists  in  decomposing  oxalic  acid  by  heat  in  presence  of 
glycerin : — 
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The  best  yield  is  obtained  by  heating  a  mixture  of  anhydrous 
glycerin  and  crystallized  oxalic  acid  C^Ufi^  +  2H2O  from  90°  to 
100°  as  long  as  carbon  dioxide  is  evolved;  the  residue  is  again  heated 
with  oxalic  acid,  and  this  process  several  times  repeated.  During  the 
operation  aqueous  formic  acid  distils  over ;  at  first  a  dilute  acid, 
which  after  each  addition  of  oxalic  acid  becomes  more  concentrated, 
until,  according  to  the  equation — 

CgHgO,  +  2H2O  =  CO2  +  CH2O2  +  2Rfi 

from  each  126  parts  of  oxalic  acid,  82  parts  of  aqueous  formic  acid, 
containing  56  per  cent,  of  real  acid,  have  been  formed. 

To  prepare  anhydrous  formic  acid,  the  hot  aqueous  acid  is  neutral- 
ized with  litharge  or  white  lead  ;  on  cooling,  lead  formate  crystallizes 
out,  which  after  having  been  well  dried  is  placed  in  a  retort,  and  dry 
hydrogen  sulphide  passed  over  it,  at  the  same  time  applying  a  gentle 
heat.  The  distillate  is  freed  from  an  excess  of  hydrogen  sulphide  by 
rectifying  it  over  a  little  lead  formate. 

Pure  formic  acid  is  a  colourless  liquid,  solidifying  at  +  V  in 
shining  plates,  and  boiling  at  100^  It  possesses  a  sour  and  pungent 
odour,  and  a  very  acid  taste,  and  is  so  corrosive  that  it  produces 
blisters  on  the  skin. 

The  salts  of  formic  acid  or  formates  are  for  the  most  part  soluble 
in  water,  and  crystallize  well.  When  calcium  formate  is  subjected 
to  fi-actional  distillation  different  products  are  formed,  amongst  which 
formaldehyde  is  found  : — 


^^^^^  Ica  =  CHp  +  CaCOj 


CHO2 


On  heating  the  sodium  salt,  hydrogen   is  given  oflf  and  sodium 
oxalate  is  formed : — 

HCO.ONa  CO.ONa 

=  2H+   I 
HCO.ONa  CO.ONa 

COH )       .  . 

Ammonium  Formate  ^^    >  0  is  obtained  by  bringing  together  dry 

ammonia  and  anhydrous   formic   acid.     On   rapidly  heating  it,   it 
decomposes  into  water  and  hydrocyanic  acid : — 


COH 
NH 


n  0  =  2H2O  +  HCN 


It  has  already  been  mentioned  that  by  the  inverse  reaction  hydro- 
cyanic acid  takes  up  water  and  yields  ammonium  formate.  Hydro- 
cyanic acid  is  therefore  the  nitrilc  of  formic  acid,  or  it  stands  in 
the  same  relation  to  formic  acid  as  acetonitrile  (methyl  cyanide) 
to  acetic  acid. 

The  most  characteristic  of  the  salts  of  formic  acid  is  lead  formate 
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(CH02)2Pb,  crystallizing  from  a  hot  aqueous  solution  in  white,  shining, 
rhombic  prisms,  which  are  only  sparingly  soluble  in  cold  water. 

SUver  Formate  CHOgAg  is  a  white  precipitate,  which  on  exposure 
to  the  light  rapidly  blackens.  When  heated  with  water  it  is  decom- 
posed, metallic  silver  separating  out,  whilst  carbon  dioxide  escapes: — 

When  aqueous  formic  acid  is  gently  heated  with  mercuric  oxide, 
carbon  dioxide  is  given  oflf,  and  mercurous  formate  crystallizes  out  in 
^  white  shining  scales  :— 

3^^g  }  O  +  2HgO  =  ^^^J^;}02  +  CO,  +  2H2O 

On  boiling  this  salt  with  water,  a  decomposition  analogous  to  that 
of  the  silver  salt  ensues,  metallic  mercury  and  carbon  dioxide  being 
formed  These  reactions  of  the  silver  and  mercury  salts  are  made 
use  of  as  a  means  for  detecting  formic  acid 

COH  ) 

Methyl  Formate   ^tt*  ?•  0  is  obtained  by  distilling  methyl  sulphate 

with  sodium  formate  : — 

oCOH  )  ^  ^  CH3 )  ^^       oCOH  1  n  ^  Na  )  ^^ 

It  is  a  colourless  liquid,  having  a  pleasant  smell,  and  boiling  at 

33**-4.    Chlorine  acts  on  it  slowly  in  the  sunlight,  perchloromdhyl 

COCl ) 
formaie  q^i    J-  0  being  formed,  a  colourless  liquid,  possessing  a  very 

pungent  smeU,  and  boiling  at  about  180°.  When  its  vapour  is  passed 
through  a  glass  tube  heated  to  350"",  it  is  transformed  into  carbonyl 
dichloride : — 

"SSI }  0  =  2C0C1. 

COCl ) 
Methyl  Chloroformate  or  Methyl  Chhrocarbonate    qtt   f  0,  a  heavy 

colourless  liquid,  possessing  a  suffocating  smell,  and  boiling  at  75\  is 
formed  by  the  action  of  carbonyl  dichloride  upon  anhydrous  methyl 
alcohoL 

Formamide  COH.NHg. — This  compound,  standing  intermediate 
between  ammonium  formate  and  hydrocyanic  acid,  is  obtained  by 
heating  ammonium  formate  to  140"*  in  the  presence  of  urea,  which 
is  transformed  into  ammonium  carbonate  by  the  water  given  off. 

Formamide  can  also  be  obtained  by  saturating  ethyl  formate  with 
dry  ammonia,  and  heating  the  mixture  in  sealed  glass  tubes  for  two 
days  in  a  water-bath : — 

C^H  I  ^  "^  ^^«  =  COH.NH2  +  CjH^.OH 

2      b  J 
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It  is  a  colourless  liquid  which  boils  at  about  194^  at  the  same  time 
being  partially  decomposed  into  ammonia  and  carbon  monoxide,  and 
partially  into  hydrocyanic  acid  and  water.  By  treating  it  with  a  cold 
solution  of  caustic  potash,  ammonia  and  potassiimi  formate  are 
produced. 


ETHYL  COMPOUNDS. 


ETHYL  ALCOHOL  CjHg.OH. 


This  compound  is  manufactured  on  the  large  scale,  and  is  the  most 
important  body  of  the  whole  group,  being  the  starting-point  for  the 
preparation  of  all  the  other  ethyl  compounds,  which  have  been  most 
fully  investigated.  Ethyl  alcohol  or  spirits  of  wine  is  obtained  by 
the  vinous  fermentation  of  sugar,  a  decomposition  taking  place  in 
dilute  solutions  of  sugar  in  the  presence  of  yeast,  and  by  which  the 
greatest  portion  of  the  sugar  is  resolved  into  carbon  dioxide  and  ethyl 
alcohol : — 

CeHiA  =  2C0,  +  2C,H,0 

Besides  these  two  products  other  compounds  are  also  formed  in 
smaller  quantities,  such  as  glycerin,  succinic  acid,  &c.  A  more  com- 
plete account  of  this  decomposition  will  be  found  under  the  head  of 
Fermentation. 

Fermented  liquors  are  prepared  from  the  juice  of  grapes,  apples, 
beet-roots,  and  from  com  and  potatoes,  the  two  latter  being  first 
treated  with  an  infusion  of  malt,  to  convert  the  starch  which  they 
contain  into  sugar  {vide  Sugar). 

The  fermented  liquid  is  first  distilled  to  separate  the  dilute  aqueous 
spirit  from  the  non-volatile  substances,  and  then  rectified  in  stills 
which  have  an  arrangement  by  which  the  more  volatile  alcohol 
distils  whilst  the  greater  portion  of  the  water  remains  behind.  The 
spirit  thus  obtained  contains  besides  water  also  fusel-oil  (which  con- 
sists of  higher  members  of  the  alcohol  series),  and  which  is  removed 
by  treating  the  raw  spirit  with  freshly  heated  charcoaL 

Although  the  boiling-point  of  water  is  much  higher  than  that  of 
alcohol,  the  latter  cannot  be  completely  separated  by  distillation  ;  the 
strongest  spirit  thus  obtained  containing  still  about  ten  per  cent,  of 
water. 

To  obtain  pure  anhydrous  ethyl  alcohol,  or  ahsolvic  alcohol,  a  retort 
is  filled  with  fragments  of  freshly  burnt  quicklime,  and  the  strongest 
spirit  poured  on  to  it.  After  standing  for  a  day,  it  is  distilled  with 
the  aid  of  a  water-bath ;  the  distillate  is  nearly  anhydrous ;  to  remove 
the  last  traces  of  water  it  is  necessary  to  leave  it  for  some  time  in 
contact  with  caustic  baryta,  and  to  rectify  it  again. 

Perfectly  pure  ethyl  alcohol  is  a  colourless  mobile  liquid,  which  is 
almost  odourless ;  it  boils  at  78'''4,  and  when  it  is  cooled  down  to 
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— 100°  it  becomes  viscid,  but  does  not  solidify.  Its  specific  gravity 
at  0°  is  0-80625,  and  at  15°  0-79367.  Ethyl  alcohol  is  very  inflam- 
mable, and  burns  with  a  blue,  non-luminous  flame.  It  absorbs  moisture 
with  great  avidity,  and  is  miscible  with  water  in  all  proportions,  the 
mixture  evolving  heat  and  undergoing  contraction.  The  greatest  con- 
traction takes  place  when  forty-six  parts  by  weight  of  alcohol  or  one 
molecule  are  mixed  with  fifty-four  parts  or  three  molecules  of  water. 

Alcohol  is  a  solvent  for  resins,  fats,  essential  oils,  and  many  other 
bodies  which  are  insoluble  in  water.  Many  salts  and  also  gases 
dissolve  in  it  too,  some  of  them  being  even  more  soluble  in  it  than 
in  water. 

As  the  value  of  spirits  of  wine  depends  on  the  quantity  of  alcohol 
contained  in  it,  it  is  of  great  importance  to  have  a  rapid  and  exact 
method  for  ascertaining  its  strength.  When  the  spirit  only  contains 
water,  the  amount  of  alcohol  is  easily  obtained  by  ascertaining  the 
specific  gravity  of  the  liquid  by  nueans  of  a  delicate  hydrometer,  and 
subsequent  reference  to  accurate  tables,  showing  the  percentage  of 
alcohol.  When  the  liquid  to  be  tested  contains  sugar  or  other  non- 
volatile substances,  as  those  found  in  wine  and  beer,  one-third  of  a 
measured  quantity  of  the  liquid  is  distilled  ofiF,  all  the  alcohol  coming 
over  with  the  first  portion.  The  distillate  is  then  diluted  with  water 
up  to  the  original  volume,  and  examined  with  the  hydrometer.  In 
these  determinations  the  temperature  must  be  observed,  and  correc- 
tions for  deviations  be  made,  when  the  temperature  differs  from  that 
at  which  the  instrument  has  been  graduated,  from  the  fact  that 
alcohol  expands  considerably  with  an  increase  of  temperature. 

The  " proof  spirit "  of  the  excise  contains  508  per  cent,  by  weight 
of  alcohol,  and  has  at  15°'5  (60°  F.)  the  specific  gravity  0*920.  Owing 
to  the  high  duty  on  pure  spirit  the  Government  allow  the  sale  of  a 
mixture  of  ninety  parts  of  strong  spirit,  and  ten  parts  of  crude  wood 
spirit,  called  "methylated  spirit,"  for  manufacturing  and  scientific 
purposes. 

The  quantities  of  alcohol  in  different  spirituous  liquors  vary  veiy 
much.  Brandy,  whisky,  &c.,  contain  40 — 50  per  cent. ;  wines  from 
17  per  cent  (Madeira,  port)  to  7 — 8  per  cent,  (light  claret  and  hock) ; 
whilst  ale  and  poiter  contain  6 — 8  per  cent.,  and  German  beer  about 
4  per  cent.     . 

The  least  trace  of  alcohol  in  an  aqueous  solution  can  be  readily 
detected  by  adding  to  the  liquid  a  little  benzoyl  chloride,  which  is 
only  slowly  acted  upon  by  water,  but  forms  with  alcohol  at  once  ethyl 
benzoate,  a  liquid  having  a  very  characteristic  aromatic  odour,  and 
which  will  be  readily  perceived  after  the  excess  of  the  chloride  has 
been  destroyed  by  caustic  potash.  By  means  of  this  reaction  the 
])resence  of  0*1  per  cent,  of  alcohol  in  a  few  cb.cm.  of  water  can  be 
shown. 

C  TI  1 

Sodium  Ethylatc    V^'fO. — Sodium  dissolves  in  absolute  alcohol 

with  tiie  evolution  of  hydrogen ;  on  cooling  colourless  crystals  separate, 
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consisting  of  a  compound  of  sodium  ethylate  with  alcohol,  the  latter 
acting  like  water  of  crystallization.  On  heating  these  crystals  in  a 
current  of  pure,  dry  hydrogen  to  180'' — 200^,  all  the  alcohol  is 
expelled  and  pure  sodium  etliylate  is  left  behind,  a  white,  light, 
porous  mass,  which  is  decomposed  by  water  into  caustic  soda  and 
alcohol.     Potassium  ethylate  is  a  similar  compound. 

Bthyl  Chloride  CgH^Cl  is  a  colourless  gas,  possessing  a  pleasant 
ethereal  odour ;  on  cooling  it  condenses  to  a  liquid,  which  boils  at 
12°  5.  It  is  inflammable,  and  burns  with  a  smoky  green-bordered 
flame.  To  prepare  it,  absolute  alcohol  is  saturated  with  dry  hydro- 
chloric acid  gas,  and  the  liquid,  after  standing  for  a  few  days,  is  heated. 
The  vapour  is  washed  with  warm  water,  dried  over  fused  calcium 
chloride,  and  condensed  in  a  receiver,  surrounded  by  a  freezing  mixture. 
Ethyl  chloride  is  formed  in  large  quantities  as  a  bye-product  in  the 
manufacture  of  chloral  hydmte  {vide  Chloral). 

Bthi/l  Bromide  C^H^Br  is  best  prepared  by  adding  gradually  six 
parts  of  bromine  to  a  well-cooled  mixture  of  six  parts  of  spirits  of 
wine  and  one  part  of  amorphous  phosphorus.  After  standing  for 
some  time  the  bromide  is  distilled  ofif,  the  distillate  washed  with 
caustic  soda  solution,  dried  over  calcium  chloride,  and  rectified. 
Etliyl  bromide  is  a  colourless  heavy  liquid,  possessing  a  sweet  ethereal 
odour  and  boiling  at  39''. 

Ethyl  Iodide  CgH^I. — To  obtain  this  compound  one  part  of  amor- 
phous phosphorus  and  five  parts  of  alcohol  are  placed  into  a  retort,  and 
ten  parts  of  powdered  iodine  are  gradually  added,  and  the  mixture 
allowed  to  stand  over  night.  The  iodide  is  distilled  ofif  next  day  and 
purified  like  the  bromide.  The  formation  of  ethyl  iodide  takes  place 
according  to  the  equation  : — 

SCCgH^.OH)  +  51  +  P  =  5C2H5I  +  PO.Hs  +  H2O 

It  is  a  colourless  heavy  liquid,  having  a  peculiar,  somewhat  garlic- 
like odour,  and  boiling  at  72^  When  it  is  exposed  to  the  light  and 
air  it  assumes  a  brown  colour,  iodine  being  set  free.  Ethyl  iodide  is 
very  largely  used  for  the  preparation  of  other  ethyl  compounds,  as  it 
very  readily  exchanges  its  iodine  by  double  decomposition.  It  is 
prepared  on  the  large  scale,  and  used  in  the  manufacture  of  the  violets 

known  as  Hofmann's. 

CHI 
Ethyl  Oxide,  Diethyl  Ether  ^26  I  Q — xhis  body,  commonly  called 

"  ether,'*  ^  can  be  formed  by  several  reactions,  the  most  simple  being 
the  action  of  ethyl  iodide  upon  sodium  ethylate : — 

Ether  is  manufactured  on  the  large  scale  by  heating  a  mixture  of 

'  The  name  of  the  radical  Mkyl  is  derived  from  ether ;  the  affix  "yl,"  which  haa 
been  introduced  for  the  purpose  of  designating  organic  radicals,  being  derived  from 
0\ti  "  the  matter  or  stuff  of  which  a  substiEuice  is  miuie." 


110  THE  CHEMISTRY  OF 

atroDg  alcohol  and  coDcentrated  sulphuric  acid  to  140°.  The  reac'finn 
takes  place  in  two  stages ;  in  the  first  ethylsulphurio  acid  and  water 
are  formed : — 

%.}0  +  g}s0..%.}s0.4.g}0 

The  ethylsulphuric  acid  acts  at  140°  upon  another  molecule  of 
alcohol ;  hydrogen  and  ethyl  change  places,  and  ether  and  sulphuric 
acid  are  formed : — 

The  ether  and  the  water  produced  distil  off,  whilst  the  sulphuric 
acid  remains  behind,  ready  to  convert  another  quantity  of  alcohol  into 


ether.  Thb  method  is  called  the  process  of  "  cuntinuous  ctherifica- 
tion,"  as  a  current  of  alcohol  may  be  passed  without  interruption 
through  the  acid  heated  up  to  140°,  and  thus  large  quantities  be 
converted  into  ether  by  means  of  a  small  quantity  of  sulphuric 
acid.  The  reason  why  we  are  unable-to  transform,  as  the  theory 
indicates,  an  unlimited  quantity  of  alcohol  into  ether  with  a  given 
quantity  of  sulphuric  acid,  is  that,  besides  the  chief  reaction,  secondary 
reactions  take  place  at  the  same  time,  by  which  more  water  ia  formed 
than  is  removed  by  the  distillation,  and  the  acid  becoming  too  weak 
the  formation  of  ethylenlphuric  acid  at  last  ceases. 
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To  illustrate  in  the  lecture  room  the  preparation  of  ether  by  this 
process,  the  apparatus  (Fig.  9)  is  used. 

The  crude  ether  thus  obtained  swims  as  a  light  layer  upon  the 
water,  and  generally  contains  besides  alcohol  also  sulphuric  dioxide. 
To  obtain  it  in  a  pure  state  it  is  washed  with  dilute  soda  solution, 
dried  over  quicklime,  and  rectified  with  the  aid  of  a  water-bath. 
To  obtain  it  completely  free  from  water  and  alcohol,  it  must  be  left 
in  contact  with  metallic  sodium  so  long  as  any  action  takes  place, 
and  then  be  distilled  off. 

Pure  ethyl  ether  is  a  very  mobile  liquid,  possessing  a  characteristic 
penetrating  odour  and  a  burning  taste.  It  boils  at  34''*5,  and  has  at 
0"*  the  specific  gravity  0*736.  It  is  somewhat  soluble  in  water,  and 
mixes  with  alcohol  in  all  proportions.  It  is  highly  inflammable, 
burning  with  a  luminous  flame.  Its  vapour,  which  is  2*557  times 
heavier  than  water,  and  which  can  be  poured  from  vessel  to  vessel 
like  carbon  dioxide,  forms  with  air  an  explosive  mixture;  great 
care  must  therefore  be  taken,  in  working  with  large  quantities  of 
such  a  volatile  and  inflammable  body,  to  avoid  the  presence  of  any 

OFT  1 

Methyl-ethyl  ^^^nji   f  0  is  obtained  by  the  action  of  ethyl  iodide 

upon  sodium  methylate,  and  may  also  be  prepared  by  heating  methyl 
sulphuric  acid  with  ethyl  alcohol  It  is  a  very  volatile  liquid,  boiling 
at  12^ 

On  acting  upon  well-cooled  ether  with  chlorine  in  the  diffused 
daylight,  substitution  products  are  formed. 

Afonochlorethyl  Oxide    *p  Vr   }■  0  is  a  limpid  liquid  boiling  at  97^ 

C  H  CI  ) 
Dichlorethyl  Oxide    «  J^^  >  O  boils  at  140^  and  possesses  a  pungent 

smell ;  when  heated  with  water  in  sealed  tubes  to  120**,  it  yields 
ethyl  alcohol  and  mouochloracetaldehyde : — 

CH.C1  CH-Cl 

I  +  H^O  =  I  +  HO.C^,  +  HCl 

CHCI.OC2H5  CHO 

By  the  action  of  zinc  ethide  on  dichlorethyl  oxide,  the  compounds 
CjHjCKCgH,)  I  Q  ^^^  CgHjCC^^,  I Q  ^^  produced.    When  the  first 

of  these  is  heated  with  fuming  hydriodic  acid,  it  is  decomposed  with 
the  formation  of  ethyl  iodide  and  secondary  butyl  iodide : — 

CHjCl  CH3 


CjHjO.CH      +  4HI  =  CjHjI  +  CHI  +  HgO  +  HCl  +  I, 
CjHj  C^j 
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Diethylated  etliyl  oxide  is  converted  by  hydriodic  acid  into  ethyl 
iodide  and  a  secondary  hexyl  iodide : — 

CHj.CgHg  CHg-CgHg 


aH.O.CH  +  2HI  =  C,HJ  +  CHI  +  H^O 


gxa-gVY-.-..  I      **^*..    —    ^2-'*5 


•   TetracMorethyl  Oxide     ^       *  1 0  is  a  liquid  boiling  at  189^  and 

smelling  like  fennel.  On  heating  it  with  water  to  100°  it  yields 
alcohol  and  trichloracetaldehyde  (chloral) : — 

CClg  CCJ3 

I  +  HgO  =  I         +  HO.C2H,  +  HCl 

CCLOCgHg  CHO 

C  CI  f 
PercMorethyl  Oxide  p^pi*  >0  is  the  final  product  obtained  by  acting 

with  chlorine  on  tetrachlorethyl  oxide  in  the  sunlight.  It  forms  white 
'Crystals  melting  at  69**,  and  decomposing  at  300°  into  hexachlorethane 
And  triacetyl  chloride : — 


g2Cl5 1 0  =  C.Cle  +  C,Cl30Cl 

2£        9  J 


Ethyl  Nitrate   ^^^  >  0  may  be  obtained  by  gradually  adding 

perfectly  pure  concentrated  nitric  acid  to  absolute  alcohol,  which  is 
contained  in  a  vessel  surrounded  by  ice.  Common  nitric  acid  exerts 
a  violent  action  on  alcohol,  oxidation  takes  place,  and  nitric  trioxide  is 
given  off,  which  acts  on  a  portion  of  the  alcohol,  forming  ethyl  nitrite ; 
but  if  a  substance  is  present  which  is  capable  of  destroying  any 
nitrogen  trioxide  as  soon  as  it  is  formed,  ethyl  nitrate  will  be  pro- 
duced. This  compound  can  easily  be  prepared  in  quantities  by 
mixing  one  part  of  urea  with  five  parts  of  pure  nitric  acid  and  three 
parts  of  commercial  absolute  alcohol,  and  distilling  the  mixture.  To 
the  residue  the  same  quantities  of  acid  and  alcohol  may  be  added, 
and  the  operation  be  repeated  so  long  as  no  red  fumes  appear. 

Ethyl  nitrate  is  a  liquid  possessing  a  fragrant  odour  and  boiling  at 
86°.  It  burns  with  a  bright  whit€  flame,  and  its  vapour,  when  heated 
above  the  boiling-point,  decomposes  with  a  violent  explosion. 

Ethyl  Nitrite  CgHg.NOg  is  a  mobile,  very  volatile  liquid,  having  a 
very  agreeable  odour  of  apples,  and  boiling  at  16*5°.  It  is  best  pre- 
pared by  acting  upon  potassium  nitrite  with  a  cold  mixture  of  alcohol 
and  sulphuric  acid.  Caustic  potash  decomposes  it  into  alcohol,  and 
potassium  nitrite  and  nascent  hydrogen  acts  on  it  in  the  following 
way : — 

CgH.NOj  +  3Hj  =  CjHyOH  +  H^O  +  NH3 
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The  sweet  spirit  of  nitre  of  pharmacy,  which  is  prepared  by  distil- 
ling a  mixture  of  alcohol,  sulphuric  and  'nitric  acid  with  copper  wire, 
consists  chiefly  of  a  solution  of  ethyl  nitrite  in  spirits  of  wine,  but 
contains  also  aldehyde  and  other  products. 

Nitro-ethane  Cgftg.NOg. — This  isomeride  of  ethyl  nitrite  is  pro- 
duced by  heating  ethyl  iodide  with  silver  nitrite.  It  is  a  limpid  and 
very  refractive  liquid,  boiling  at  112°,  and  possessing  a  peculiar 
pleasant  smell.  It  has  acid  properties ;  with  alcoholic  soda  it  solidi- 
fies to  a  white  magma,  which  after  expelling  the  alcohol  has  the 
composition  C2H4Na.N02.  On  heating  this  compound  it  explodes 
like  gun-cotton.  By  the  action  of  nascent  hydrogen  it  is  converted 
into  ethylamine : — 

C2H5.NO2  +  3H2  =  CgH^.NHg  +  2H2O 

This  reaction  shows  that  in  this  compound  the  nitrogen  is  com- 
bined with  carbon,  whilst  in  ethyl  nitrite  the  nitrogen  is  linked 
to  the  ethyl  by  means  of  an  atom  of  oxygen,  the  constitution  of  the 
isomerides  being : — 

Ethyl  Nitrite.  Nitro-ethane. 

C,H,  0.N0  C^H^-N  I  g> 

Ethyl  Perchlorate  CgHg.ClO^. — This  is  the  only  ether  of  the  oxyacids 
of  chlorine  known.  It  is  obtained  by  distilling  small  quantities  of 
an  intimate  mixture  of  potassium  perchlorate  and  potassium  ethyl- 
sulphate,  as  a  colourless  liquid  having  an  agreeable  smell ;  the  dry 
compound  explodes  most  violently  by  the  faintest  concussion. 

CHI 

Ethyl  Hydrosulphate  or  EthylsvJphuric  Acid      ^  t|  f  SO^. — This 

compound,  also  called  sulphovinic  acid,  is  formed  by  mixing  sulphuric 
acid  with  alcohol.  The  yield  varies  according  to  the  strength  of  the 
alcohol  and  the  heat  evolved  on  mixing  it  with  the  acid.  By  heat- 
ing the  mixture  and  allowing  it  to  stand  for  some  time,  more  will  be 
formed,  but  it  is  not  possible  to  convert  all  the  alcohol  or  all  the  sul- 
phuric acid  present  into  ethylsulphuric  acid.  The  liquid  is  diluted 
with  a  large  quantity  of  water,  neutralized  in  the  cold  with  barium 
carbonate  or  lead  oxide,  and  the  filtrate  evaporated  to  a  small  bulk 
on  a  water-bath,  and  left  to  crystallize.  From  the  solution  of  the 
barium  or  lead  salt  the  free  acid  is  obtained  by  dilute  sulphuric  acid 
and  evaporating  the  filtrate  in  a  vacuum.  It  forms  a  strongly  acid, 
syrupy  liquid,  which  is  very  easily  decomposed,  and  has  not  yet 
been  obtained  quite  free  from  sulphuric  acid.  Ethylsulphuric  acid 
is  monobasic,  and  forms  well-crystallized  salts,  which  are  all  soluble 
in  water ;  on  heating  them  with  water  they  decompose,  alcohol  and  ^ 
sulphate  being  formed. 

CHI 

Ethyl  Sulphate  p^o*  \  SO^  is  not  formed,  like  metliyl  sulphate,  by 

the  action  of  ethylsulphuric  acid  upon   ethyl  alcohol,  but   is   ob-» 

0  I 
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tained  by  passing  the  vapour  of  sulphur  trioxide  into  well-cooled 
anhydrous  ether,  a  reaction  perfectly  analogous  to  the  formation  of 
sulphuric  acid  from  the  trioxide  and  water : — 


C 
C 


i:H:}«  +  S03      =      gAlso, 


The  product  of  the  reaction,  when  shaken  with  four  volumes  of  water 
and  one  of  ether,  separates  into  two  layers,  the  lower  consisting  of 
an  aqueous  solution  of  ethylsulphuric  acid  and  other  products,  whilst 
the  upper  layer  consists  of  an  ethereal  solution  of  ethyl  sulphate.  By 
heating  it  gently  the  ether  is  volatilized,  and  ethyl  sulphate  remains 
as  a  syrupy  liquid,  smelling  like  peppermint.  It  cannot  be  distilled, 
as  it  is  decomposed  by  heat.  Ethyl  sulphate  is  also  produced  by  the 
action  of  sulphuryl  chlorhydrate  on  absolute  alcohol : — 

2^*  H* }  0  +  "a  }  so,  =  §l{;g}sO,  +  HCl  +  H,0 

C  1^  1 

Utht/l  Sulphite  .^Kj^  >  SO3  is  obtained  by  acting  on  alcohol  with 

thionyl  chloride  SOClg  (the  chloride  of  sulphurous  acid) : — 

SOCl,  +  2C,Hg.0H  =  ^2^60  I  80  +  2HCl 

and  is  also  formed,  together  with  other  products,  by  adding  absolute 
alcohol  to  chlorine  bisulphide  SgCl^.  It  is  a  limpid  liquid,  boiling  at 
160^  and  smelling  like  peppermint ;  it  is  slowly  decomposed  by  water, 
and  quickly  when  heated  with  a  solution  of  caustic  potash.  By  act- 
ing on  it  with  caustic  potash  in  the  cold,  potassium  ethylsviphite 

r*  TT   f  ^^«  ^^  formed,  which  crystallizes  in  silky  scales.    The  free 

etnylsulphurous  acid  is  not  known,  but  an  isomeric  compound  called 
ethylsulphonic  acid  exists,  which  is  formed  by  oxidizing  ethyl  sul- 
phide, hydrosulphide,  and  other  sulphur  compounds  of  ethyl.  The 
potassium  salt  of  this  acid  is  also  obtained  by  heating  ethyl  iodide 
with  a  concentrated  solution  of  potassium  sulphite.  The  free  ethyl- 
sulphonic acid  is  best  prepared  by  decomposing  the  lead  salt  with 
hydrogen  sulphide.  On  evaporating  the  solution  it  is  left  as  a 
heavy  oil,  which  after  some  time  solidifies  to  a  crystalline  mass.  It 
is  a  monobasic  acid  and  a  very  stable  compound;  its  salts  crystal- 
lize well. 

The  existence  of  these  isomeric  compounds  shows  that  the  two 
hydrogen  atoms  of  sulphurous  acid  have  not  the  same  value,  or 
occupy  different  positions  in  the  molecule,  the  constitution  of  these 
different  compounds  being  probably  as  follows : — 

Sulphurous  Acid.  Ethyl  Sulphite. 

H— O— S— 0— 0— H  CjH,— 0— S— 0-0— CjHj 
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Potassium  Ethylsulphite.  Ethylsul  phonic  Acid. 

K-0— S-0— 0— CgH,  CgH,— 0— S— 0— 0— H 

Ethyl  PhospJiates, — Orthophosphoric  acid  forms  three  ethyl  ecm- 
pounds : — 

Triethyl  Phosphate  C,H^  IpO,  Diethylphcwphoric  g|g» 

CjHj )  H 

Ethylphosphoric  Acid       H  J-PO^ 

HJ 

Triethyl  Phosphate  is  obtained  by  heating  silver  phosphate  with 
ethyl  iodide,  or  by  acting  with  phosphorus  oxychloride  upon  sodium 
ethylate.  It  is  a  colourless  liquid,  boiling  at  215°,  and  having  a  pecu- 
liar smell.     It  is  soluble  in  water,  by  which  it  is  slowly  decomposed. 

IH ethylphosphoric  Acid  is  a  monobasic  acid,  which  is  only  known 
in  solution.  It  is  formed  by  bringing  alcohol  vapour  gradually  in 
contact  with  phosphorus  pentoxide : — 

2^^^  }  0  +  P,0,  =  cIh^I  PO,  +  HPp, 

Lead  diethylphosphate  is  soluble  in  water  and  crystallizes  in 
needles.  When  heated  it  melts,  and  at  a  higher  temperature  it  is 
decomposed  into  triethyl  phosphate  and  lead  ethylphosphate  : — 

C2H5) 

CA  Po,        c,hJ  ^^y 

Ethylphosphoric  Acid  is  also  formed  by  heating  alcohol  with  syrupy 
phosphoric  acid.  It  is  a  colourless,  syrupy  liquid,  of  a  very  sour 
taste.  The  lead  salt  is  almost  insoluble  in  water  ;  the  barium  salt  is 
readily  soluble,  and  crystcJlizes  in  brilliant  hexagonal  prisms. 

Ethyl  Pyrophosphate  ^fi^{G^^^,  obtained  by  the  action  of  ethyl 
iodide  on  silver  pyrophosphate,  is  a  viscid  liquid. 

Ethyl  Phosphites, — By  acting  with  phosphorus  trichloride  on  abso- 
lute alcohol  or  sodium  ethylate,  triethyl  phosphite  POj(C2H5)j  is 
formed,  a  liquid  boiling  at  191°  and  possessing  a  disagreeable  odour. 
By  avoiding  an  excess  of  alcohol  the  first  product  of  the  reaction' 
consists  of  P(OC2H5)Cl2,  a  limpid  liquid  boiling  at  117**;  water 
decomposes  it  with  the  formation  of  alcohol,  phosphorous  acid  and 
hydrochloric  acid. 

C  H  ) 

Ethylphosphorous  Acid     *rT^  f  PO3. — This  monobasic  acid  is  pio- 

I  2 
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duced  by  the  action  of  aqueous  alcohol  on  phosphorus  trichloride. 
Its  barium  salt  is  deliquescent ;  the  lead  salt  crystallizes  from,  a  hot 
aqueous  solution  in  white  scales. 


Hthyl  Arsenate  CgH^  >AsO^  a  colourless  liquid,  is  produced  by 


^2^6 


the  action  of  silver  arsenate  upon  ethyl  iodide.  It  boils  at  235°  with 
slight  decomposition,  and  in  contact  with  water  it  is  resolved  into 
ethyl  alcohol  and  arsenic  acid. 


Mhyl  Arsenite  CgHg  ^  AsOg  is  prepared  from  ethyl  iodide  and  silver 

C2H5 

arsenite.  It  is  a  colourless  liquid,  boiling  at  166° :  water  decomposes 
it  into  alcohol  and  arsenic  trioxide. 

Ethyl  Borate  CjHg  J-BoOg  is  formed  by  the  action  of  boron  tri- 

C,H,  j 
chloride  upon  alcohol,  and  by  heating  boron  trioxide  with  alcohol, 
or  by  distilling  a  mixture  of  anhydrous  borax  with  potassium  ethyl- 
sulphate.  It  is  a  mobile  liquid  possessing  a  peculiar  smell  and  bitter 
taste,  and  boiling  at  119°.  It  is  decomposed  by  water;  its  alcoholic 
solution  burns  with  a  green  flame,  giving  off  white  clouds  of  boric 
acid. 

Ethyl  Silicates, — When  absolute,  alcohol  is  added  to  silicon  tetra- 
chloride as  long  as  hydrochloric  acid  is  given  off,  and  the  mixture 
subjected  to  distillation,  first  normal  ethyl  silicate  Si(OC2H5)^  passes 
over,  a  colourless  liquid,  having  a  pleasant  ethereal  odour,  boiling 
at  162°,  and  burning  with  a  brilliant  white  flame,  emitting  a  dense 
white  smoke  of  finely  divided  silica.  After  the  normal  silicic  ether  has 
distilled  over,  the  temperature  rises  and  diethyl  silicate  SiO(OC2H5)2 
distils,  a  colourless  liquid,  boiling  at  350°.  Both  compounds  are  slowly 
decomposed  by  water,  and  when  in  contact  with  moist  air  they  become 
gradufiJly  thicker  and  thicker,  until  at  last  silicic  acid  is  left  behind 
in  the  form  of  a  perfectly  transparent,  hard  mass. 

By  the  action  of  silicon  tetrachloride  upon  silicic  ether  the  volatile 
compounds  (^^O^j  |  g.^  (CgH.O)^  |  gj^  ^^^  C^H^O  |  gj  ^^^  ^.^^^^ 

By  acting  on  these  compounds  with  different  alcohols,  a  great 
number  of  silicic  ethers,  containing  two  or  more  alcohol  radicals,  can 
be  obtained. 

Ethyl  Carbonate  p*S*  f  CO3  is  a  limpid  liquid,  having  a  pleasant 

2      o  J 

smell  and  boiling  at  126°.  It  is  obtained  by  the  action  of  silver  car- 
bonate upon  ethyl  iodide. 

When  carbon  dioxide  is  passed  into  an  alcoholic  solution  of  potas- 
sium ethylate,  a  white  compound,  consisting  of  potassium  ethylcar- 

honnte  ri  XT   r  CO3  separates  out,  which  is  decomposed  by  water  with 
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tlie  formation  of  alcohol  and  acid  potassium  carbonate ;  the  free  ethyl- 
carbonic  acid  is  not  known. 

Uthyl  Orthocarbonate  €(002115)4. — This  compound,  corresponding 
to  the  normal  ethyl  silicate,  is  formed  by  acting  with  sodium  upon  a 
solution  of  chloropicrin  in  absolute  alcohol : — 

402H,ONa  +  OOI3NO2  =  OCOO^H,),  +  3Na01  +  NaNOg 

It  is  a  colourless  liquid,  boiling  at  158°  and  having  an  aromatic 
smell.  When  heated  with  alcoholic  potash  it  is  decomposed,  potas- 
sium carbonate,  ether,  and  alcohol  being  formed. 

Ethyl  Carbamate  00  -j  q^  It  • — This  compound  is  formed  when  dry 

ammonia  acts  upon  ethyl  carbonate  at  the  common  temperature,  whilst 
if  the  two  substances  are  heated  together  to  100"*,  carbamide  is  pro- 
duced. Ethyl  carbamate,  also  called  icrethane,  is  a  colourless  crystal- 
line solid,  melting  and  boiling  without  decomposition  at  180°;  it  is 
also  obtained  when  cyanogen  chloride  is  passed  into  alcohol : — 

ONCl  +  2(02H5.OH)  =  OgH^Ol  +  Oo4  q^|j 

^  2     6 

OH) 

Mhyl  Sulphocarbonate  p^ir^  \  OS3  is  a  yellow  oil,  boiling  at  240**, 

which  is  produced  by  acting  with  sodium  sulphocarbonate  upon  an 
alcoholic  solution  of  ethyl  iodide.  Nitric  acid  oxidizes  it  to  ethylsul- 
phonic  acid. 

CHI 

Xanthic  Acid  or  Ethyldisulphocarbonic  Acid     *Tf  \  OOS^.— The 

potassium  salt  of  this  acid  separates  in  white  silky  needles  when 
carbon  disulphide  is  added  to  a  hot  alcoholic  solution  of  potash.  By 
adding  cold  dilute  sulphuric  acid  to  this  salt,  xanthic  acid  is  ob- 
tained as  a  colourless  oil,  having  a  penetrating  smell.  It  is  a  very 
unstable  compound,  being  resolved  at  about  25°  into  carbon  disuU 
phide  and  alcohol.  The  xanthat^s  of  the  metals  of  the  alkalis 
and  alkaline  earths  are  soluble  in  water,  and  precipitated  by  most 
metallic  salts,  Lead  xanthate  (02Hg.0OS2)2Pb  is  a  white  precipitate, 
crystallizing  from  hot  alcohol  in  needles.  The  copper  salt  is  a 
beautiful  yellow  powder. 

When  iodine  is  added  to  an  alcoholic  solution  of  a  xanthate,  the 
following  reaction  takes  place  : — 

OS  {  ^^2^5  CS  {  ^^^"5 

^S  {  0C2H,  CS  {  ^^.^,^^ 

Ethyldisvlphocarbonyl  dvndphide  is  formed,  crystallizing  in  brilliant 
white  prisms,  melting  at  28°,  and  possessing  a  peculiar  but  not  un- 
pleasant odour. 
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Fthyl  Xanthate  CS-J  r\nTi    is  produced  when  ethyl  chloride  and 

potassium  xanthate  are  left  together  in  an  alcoholic  solution  for  some 
time.  It  is  a  colourless  liquid  of  high  refractive  power,  boiling  at 
200°,  and  possessing  a  powerful  alliaceous  odour. 

f  CI 
Ethyl  Chlorofonnate  or  Ethyl  Chhrocarbonaie  CO  -j  qq  -tt    a  colour- 
less liquid,  possessing  a  suffocating  smell,  is  produced  by  the  action  of 
carbonyl  chloride  on  alcohol.    On  mixing  it  with  an  alcoholic  solution 

{PO  OC  H 
qq'qq^jt* is  produced, 

a  colourless  oil  with  a  peculiar  odour,  and  boiling  at  180°.  By  treat- 
ing it  with  caustic  potash  potassium  carbonate  and  ethyl  sulphide 

f  CO  OH 
are  formed.    Neither  the  free  dicarbotbionic  acid  S <  pqqit  nor  any 

of  its  metallic  salts  have  been  obtained. 

COH  1 

Ethyl  Formate,  Formic  Ether  p  tt   >■  0  is  prepared  by  distilling  a 

mixture  of  alcohol  and  sulphuric  acid  with  sodium  formate.  A 
cheaper  method  consists  in  heating  glycerin,  oxalic' acid,  and  alcohol 
together  in  a  flask,  which  is  connected  with  a  reversed  condenser. 
Formic  acid  is  formed,  which  in  the  nascent  state  acts  upon  the 
alcohol,  ethyl  formate  and  water  being  produced.  Formic  ether 
boils  at  55°,  and  possesses  a  fragrant  smell  like  peaches ;  it  is  used 
for  the  preparation  of  artificial  rum  and  arrack, 

When  sodium  is  added  to  a  mixture  of  chloroform  and  alcohol,  the 
80-caDed  tribasic  formic  ether  or  ethyl  orthoformate  CH(OCjH5)3  is 
obtained : — 

CHCI3  +  SCjHfi.ON^  =  3ClNa  +  CHCOCgHJs 

This  ether  is  a  colourless  liquid,  possessing  a  pleasant  smell,  and 
boiling  at  146°.  On  heating  it  with  acetic  acid  it  yields  ethyl  for- 
mate and  ethyl  acetate :— r 

CH(OC,H5)3  +  2^^^30  }  0  -  g^^^  j-O  +  2^2^|J^Jo  +  H3O 


CYANOGEN  COMPOUNDS  OF  ETHYL. 


f!t)^%fl  Qvan^le  (>r  fJtIiyl  Carhamne  CNtCgHg  is  formed  by  heating 
ethyl  iodide  with  silver  cyanide,  but  is  best  prepared  by  adding  an 
alcoholic  solution  of  chloroform  and  ethylamine  to  powdered  caustic 
potash ;  a  violent  reaction  ensues,  and  the  cyanide  distils  over : — 

CHCU  +  c^5.NH,  =  3«q  +  o,H,.Ne 
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It  is  a  colourless  liquid,  boiling  at  77°,  and  possessing,  like  all 
carbamines,  a  most  penetrating  and  overpowering  smell ;  it  is 
poisonous.  With  dry  hydrochloric  acid  it  combines  with  a  violent 
reaction ;  to  obtain  the  pure  compound  both  substances  must  be  mixed 
in  an  ethereal  solution  at  a  very  low  temperature.  A  crystalline  body 
is  obtained,  having  a  sour  and  bitter  taste  ;  it  dissolves  in  water  with 
decomposition,  ethylamine  and  formic  acid  being  formed.  The  same 
decomposition  occurs  by  the  action  of  dilute  acids  on  ethyl  car- 
bamine  : — 

C,H5.NC  +  2H^0  =  C2H5.NH2  +  CH2O2 

On  heating  the  ceirbamine  with  a  concentrated  solution  of  potash 
a  complicated  reaction  sets  in,  and  amongst  other  products  ethyl/or^ 

rCOH 
mamid^  TS\  CoHg  is  obtained,  a  liquid  having  a  sweet  taste,  and  boil- 

(h 

ing  at  200°. 

Propwnitrile  CjHg.CN  is  the  chief  product  obtained  on  distilling  a 
mixture  of  potassium  cyanide  and  potassium  ethylsulphate.  The  dis- 
tillate must  be  treated  with  a  dilute  acid  in  order  to  remove  small 
quantities  of  the  isomeric  carbamine.  Propionitrile  boils  at  97**,  and 
possesses  a  penetrating  but  not  unpleasant  smell.  It  combines  with 
acids ;  thus  with  anhydrous  hydrobromic  acid  it  forms  the  compound 
C3H5N.2HBr,  which  is  decomposed  by  water  with  the  formation  of 
propionic  acid : — 

C3H5N  +  2HBr  +  2H2O  =  CjH^Oj  +  NH.Br  +  HBr 

A  similar  reaction  takes  place  on  boiling  the  nitrile  with  a  solution 
of  caustic  potash  : — 

^2      6  ^2^6 

I        +  H,0  +  KOH  =1  +  NH, 

CN  CO.OK 

CN  ) 
Ethyl  Cyanate,  Cyanetholinc  p  ir   >  0  is  a  thick  non-volatile  liquid, 

2      5  ^ 

insoluble  in  water,  which  is  formed  when  cyanogen  chloride  acts  upon 

sodium  ethylate.      It  absorbs  hydrochloric  acid  and  is  converted  into 

a  white  crystalline  mass,  which  on  heating  gives  off  ethyl  chloride, 

whilst  cyanuric  acid  remains  behind. 

CO  1 
Ethyl  Carhimide  p  tt   r  N,  a  compound  isomeric  with  ethyl  cyanate, 

is  obtained  by  distilling  a  mixture  of  potassium  cyanate  and  potas- 
sium ethylsulphate.  It  appears  inost  likely  that  in  this  reaction 
first  ethyl  cyanate  is  formed,  which,  however,  at  the  high  temperature 
undergoes  a  molecular  change,  being  converted  into  the  carbimide. 
This  body,  prior  to  the  discovery  of  the  real  cyanate,  was  believed  to 
be  the  latter  compound,  and  is  still  called  cyanic  ether.     It  is  a 
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colourless  liquid,  boiling  at  60°,  and  possessing  a  pungent  smell,  irri- 
tating the  eyes.  With  hydrochloric  acid  it  forms  a  liquid  compound 
boiling  at  95°,  which  by  water  is  decomposed  into  carbon  dioxide 
and  ethylamine.  The  same  products  are  formed  when  the  carbimide 
is  boiled  with  caustic  potash : — 


'^^^JN  +  H,0  =  ^*h^}n  +  CO, 


"When  gaseous  cyanic  acid  is  passed  into  absolute  alcohol,  so  much 
heat  is  evolved  that  the  liquid  begins  to  boil.  On  cooling,  colourless 
shining  prisms  of  ethi/l  allojyhanate  CgHgNgOj-CgHg  crystallize  out. 
By  the  action  of  caustic  baryta  on  this  ether  the  barium  salt  of 
allophanic  a<:id  CjH^NjOg  is  obtained,  but  from  this  salt  the  free  acid 
cannot  be  isolated,  nor  indeed  are  other  salts  known.  A  series  of 
allophanic  ethers,  however,  has  been  prepared  by  acting  with  <3yanic 
acid  on  different  alcohols. 

When  barium  allophanate  is  treated  with  a  dilute  acid,  carbon 
dioxide  is  given  off  and  urea  is  formed.  This  decomposition  explains 
the  constitution  of  allophanic  acid,  which  stands  to  biuret  in  the 
same  relation  as  carbamic  acid  to  urea : — 


Biuret.  Allophanic  Acid. 

CO.NHj 
CO.OH 


CHI 

Ethyl  Suljphocyanate     ?i^  f  S,  a  colourless  oily  liquid,  boiling  at 

146°,  and  possessing  a  smell  like  leek,  is  formed  by  distilling  a  mix- 
ture of  potassium  sulphocyanate  and  potassium  ethylsulphate.  When 
this  ether  is  heated  with  sulphuric  acid,  a  copious  evolution  of  carbon 
dioxide  takes  place,  and  a  colourless  volatile  liquid,  having  a  strong 
alliaceous  smell,  is  formed,  which  has  the  composition  and  the  same 
boiling-point  as  ethyl  xanthate.  These  bodies  are,  however,  not  iden- 
tical, for  whilst  the  latter  compound  is  decomposed  by  an  alcoholic 
solution  of  pot^wh  into  potassium  ethyl  sulphocarbonate  and  etbyl 
hydrosulphide,  the  isomeric  compound,  which  has  been  called  car- 
honyl-disulph(hdiethyl,  yields  by  the  same  treatment  potassium  car- 
bonate, and  ethyl  hydrosulphide.  The  cause  of  this  isomerism  is 
explained  by  the  following  equations  : — 

Ethyl  Xanthato. 

Carbonyl-diaulpho- 
diethyl. 

f  cs 

Mhylsulphocarbimide  07*  Ethyl  Mvstard-oil  Nk  pVr  ,  which  is  iso- 

4  V      E      6 
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nieric  with  ethyl  sulphocyanate,  is  prepared  from  ethylamine  in 
exactly  the  same  way  as  the  methyl  compound  is  obtained  from 
methylamine.  It  is  a  colourless  liquid,  possessing  a  pungent  smell 
and  irritating  the  eyes;  in  contact  with  the  skin  it  produces  red- 
dening, and  a  burning  pain. 


ETHYLAMINES. 

Tlie  different  amines  of  ethyl  are  prepared  from  ethyl  chloride  ox 
iodide  in  the  same  way  as  the  methylamines  are  obtained  fix)m 
methyl  iodide.  To  obtain  them  on  the  small  scale  ethyl  iodide  is 
heated  with  alcohol  and  strong  aqueous  ammonia  in  sealed  glass 
tubes  to  100°.  To  prepare  large  quantities  of  them  it  is  best  to  use 
the  crude  ethyl  chloride,  which  is  obtained  as  a  bye-product  in  the 
manufacture  of  chloral  hydrate,  and  which  is  heated  in  large  iron 
digesters  with  alcoholic  ammonia.  After  the  reaction  is  finished 
the  liquid  is  separated  by  filtration  from  the  ammonium  chloride, 
and  the  alcohol  distilled  off.  The  residue,  after  drying  on  a  water- 
bath,  is  decomposed  by  a  concentrated  solution  of  caustic  soda,  and 
the  light  layer  consisting  of  the  three  bases  treated  with  oxalic 
ether  in  exactly  the  same  way  as  the  amines  of  methyl,  for  although 
the  boiling-points  of  the  ethyl  bases  differ  very  much,  it  is  singular 
that  it  is  not  possible  to  separate  them  by  fractional  distillation. 

Mhylamine       H  >N"  is  a  very  mobile  liquid,  smelling  like  am- 

HJ 

monia,  and  boiling  at  18*7*.  It  is  miscible  with  water,  and  is  a  stronger 
base  than  ammonia,  from  which  it  differs  in  its  reactions  chiefly  by 
redissolving  precipitated  aluminium  hydroxide,  when  added  in  excess. 
The  hydrochloride  or  ethylammonium  chloride  N(C Jl5)H-Cl  crystal- 
lizes in  thin  plates  ;  it  is  a  deliquescent  salt,  and  soluble  m  absolute 
alcohol.  The  sulphate  does  not  crystallize,  and  is  very  soluble  in 
water  and  alcohol. 

When  chlorine  is  passed  into  an  aqueous  solution  of  ethylamine, 
dichloreihylamine  CgHgClj-NHg  separates  as  a  yellow  heavy  oil,  having 
a  very  penetrating  smell  and  boiling  at  91^  By  alkalis  it  is  decom- 
posed with  the  formation  of  acetic  acid  : — 

CH3  C/H3 

I  -h  3K0H  =  I  +  2KC1  +  NH3  +  HgO 

CCI2.NH2  CO.OK 

On  passing  dry  carbon  dioxide  into  ethylamine,  ethylammonium 

r  NH  0  IT 
carbamate  CO  <  q  jjVr?T/\TT  is  formed,  a  white  solid,  corresponding 

to  ammonium  carbamate  (vide  page  65). 

Ethylamine  has  also  been  obtained  by  several  other  reactions.    It 
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was  discovered  by  the  action  of.  caustic  potash  on  ethyl  carbimide, 
and  is  produced  by  heating  ethyl  nitrate  with  ammonia,  and  by  acting 
with  nascent  hydrogen  upon  acetonitrile.  It  occurs  also  amongst  the 
volatile  bases  formed  by  the  destructive  distillation  of  bones  and  other 
animal  substances. 

DUthylamine  CjHe  v  N"  is  a  liquid  boiling  at  67*,  and  possessing  an 

ammoniacal  smell;  it  is  soluble  in  water.  On  distilling  its  hydro- 
chloride with  a  concentrated  solution  of  potassium  nitrate  nitroso- 

diethyline  ^^*^^  |  N  is  formed,  a  liquid  boiling  at  177^  and  which 

by  the  action  of  aqueous  hydrochloric  acid  is  again  converted  into 
diethylamine. 

Triethylamine   C0H5  >-  N  is  a  light  colourless  liquid,  strongly  alka- 

c^hJ 

line,  and  only  sparingly  soluble  in  water,  boiling  at  89^  On  heating 
its  hydrochloride  with  potassium  nitrite,  ethyl  alcohol  and  nitrosodi- 
ethyline  are  formed. 

Triethylamine  combines  readily  with  ethyl  iodide,  heat  being  evolved 
during  the  reaction,  and  tetrethylamnponium  iodide  N(C^^^)J.  is  formed, 
a  salt  which  is  soluble  in  water  and  forms  large  colourless  crystals. 
On  treating  its  solution  with  freshly  precipitated  silver  oxide,  the 
hydroxide  N(C2H^^0IJ  ia  obtained,  which  has  a  bitter  and  very 
caustic  taste.  On  evaporating  its  solution  in  vacuo  it  is  left  as  a 
crystalline,  deliquescent  mass.  Like  caustic  potash  it  attacks  and 
dissolves  the  skin,  saponifies  fats,  and  precipitates  metallic  salts,  but 
does  not  redissolve  chromic  hydroxide.  On  heating  the  hydroxide 
it  is  resolved  into  water,  ethene,  and  triethylamine. 

With  acids  it  forms  soluble  salts,  which  crystallize  well.  On  add- 
ing platinum  chloride  to  a  solutioij  of  tetrethylaramonium  chloride, 
2[N(C2H5)^Cl]  +  PtCl^  is  obtained  as  a  yellow,  crystalline  preci- 
pitate. 


ETHYLA.TED    UREAS. 

Compound  ureas,  or  carbamide  in  which  hydrogen  is  replaced  by 
alcohol  radicals,  can  be  obtained  in  a  manner  similar  to  that  in  which 
common  urea  is  produced  from  ammonia  and  cyanic  acid,  viz.  either 
by  acting  with  cyanic  acid  upon  an  amine  or  by  treating  a  carbimide 
with  ammonia  or  an  amine. 

Ethyl-carbamide    CO -J  j^tt'   *    ^ — This  compound  is  obtained  by 

the  action  of  ammonia  upon  ethyl  carbimide,  as  well  as  by  com-* 
bining  cyanic  acid  with  ethylamine.    It  crystallizes  from  water  in 
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long  colourless  prisms,  and  combines  with  acids  like  common  urea ; 
its  nitrate  is  readily  soluble  in  water. 

Dicthyl'carbamide  exists  in   two   metameric  modifications ;    one 

having  the  constitution  CO  \  ;NH*r  H^  ^^  produced  by  acting  with 

ethylamine  upon  ethyl  carbimide.  It  crystallizes  in  long  prisms, 
fuses  at  107°,  boils  at  263°  and  yields  on  boiling  with  potash  solution, 
potassium  carbonate  and  ethylamine. 

Its  isomeride  COk  v^/p'-prN    is  formed  by  treating  diethylamine 

with  cyanic  acid.  It  is  decomposed  by  caustic  potash  with  the  forma- 
tion of  potassium  carbonate,  ammonia,  and  diethylamine. 

f  NH  C  H  ' 

Triethyl'Carbamide  CO  <  ^^A  tI  ^  ^>  ^  crystalline  solid,  soluble  in 

water,  fusing  at  63°  and  boiling  at  223°,  has  been  prepared  from 
diethylamine  and  ethyl  carbimide. 

Ureas  containing  more  thau  three  alcohol  radicals  have  not  yet 
been  obtained,  as  triamines  do  not  act  either  upon  carbijnides  or  on 
cyanic  acid. 

Ethylated  Sulphocarbamides  have  been  produced  by  analogous 
reactions  from  the  so-called  mustard  oils.    Thus  ammonia  and  ethyl 

sulphocarbimide   form  ethyl'Sulphocarhamide    CS  <  -hj-c^n  tt     white 

crystals,  which  melt  at  106°.    By  acting  with  ethylapiine  on  the  same 

(  NTT  C  H 

mustard-oil,  we  obtain  diethyUsulphocarbamide  CS  -j  ;nH  0  H*'  ^  white, 

crystalline  solid.  When  its  aqueous  solution  is  boiled  with  mercuric 
oxide,  oxygen  is  exchanged  for  sulphur,  and  diethyl-carbamide  and 
mercuric  sulphide  are  formed.  On  heating  its  alcoholic  solution 
with  ethylamine  and  mercuric  oxide,  a  strongly  alkaline  solution  is 
obtained,  trieihyUguanidine  being  formed  : —  , 

rNRC^Hg  rNRCJI. 

C-^  S  +  KCoH^.H-  4-  HgO  =  C  -^  N.C-H,     +  H,0  +  HgS 

(NH.C2H5  (nh.cX 

This  compound  is  as  powerful  a  base  as  common  guanidine;  its 
solution  rapidly  absorbs  carbon  dioxide  from  the  air,  and  is  converted 
into  a  crystalline  mass. 


PHOSPHORUS  BASES  OF  ETHYL. 


f  c  A 
Ethylphosphi7u<  H    . — The  hydriodide  of  this  base  is  obtained 

from  ethyl  iodide,  phosphonium  iodide,  and  zinc  oxide,  in  the  same 
Fay  as  the  corresponding  compound  in  the  methyl  series.    The  bM6, 
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set  free  by  means  of  water,  is  a  colourless  liquid  having  a  strong 
refractive  power,  lighter  than  water,  boiling  at  25°,  and  without 
any  action  on  vegetable  colours.  Its  odour  is  most  overpowering, 
resembling  that  of  the  carbamines,  and  producing  an  intensely 
bitter  taste  in  the  mouth  and  deep  down  in  the  throat.  In  con- 
tact with  chlorine,  bromine,  or  fuming  nitric  acid  it  takes  fire.  Its 
vapour  bleaches  cork  like  chlorine,  and  india-rubber  in  contact  with 
it  becomes  transparent  and  brittle.  It  combines  with  sulphur  and 
carbon  disulphide,  forming  liquid  compounds,  and  with  concentrated 
hydrochloric,  hydrobromic,  and  hydriodic  acid  it  forms  crystalline 
salts.  The  hydrochloride  gives  with  platinum  chloride  the  double  salt 
[P(C2H.)H3C1]2  +  PtCl^,  crystallizing  in  splendid  crimson  needles. 
The  hydriodide  forms  large,  four-sided,  thin,  iridescent  plates. 

Nitric  acid  acts  on  the  base  in  a  similar  way  as  on  the  methyl  base, 
^hylphosphinic  acid  PQ3(C2H5)H«  being  formed,  a  crystalline  solid, 
which  melts  at  44°,  and  at  a  higher  temperature  volatilizes  without 
decomposition.  This  compound  is  isomeric  with  ethylphosphorous 
acid,  from  which  it  diflTers  by  being  a  bibasic  acid  whilst  the  latter 
is  monobasic ;  the  constitution  of  the  two  acids  being  represented 
by  the  following  formulae  :— 


Ethylphospbinic  Acid.  Ethylphosphorous  Acid. 

po^  oh  po^  oh 

(oh  (h 


CjHg 

Diethyljphosphine  P  -^  CgH^  is  formed  together  with  ethylphosphine, 

H 

and  isolated  in  the  same  way  as  the  dimethyl-compound.  It  is  a 
colourless,  light,  refractive  liquid,  boiling  at  85°,  and  having  a  neutral 
reaction.'  The  odour  is  penetrating  and  very  persistent,  but  quite 
different  from  that  of  ethylphosphine.  It  absorbs  oxygen  rapidly, 
with  much  evolution  of  heat,  the  liquid  sometimes  taking  fire.  With 
sulphur  and  carbon  disulphide  it  forms  liquid  compounds,  and  with 
acids  salts,  which,  with  the  exception  of  the  hydriodide,  do  not 
crystallize  well, 

Diethylphosphinic  Acid  P03(C2H5)2H  is  a  liquid,  and  forms  crystal- 
line salts. 


Triethylphosphine  T  <  C^H^. — The  hydriodide  of  this  base  is  pro- 


duced by  heating  absolute  alcohol  with  phosphonium  iodide  in  sealed 
tubes  for  some  hours  to  160°  : — 

3(C2H,.OH)  +  PH,I  =  (C2H5)3PHI  +  SHgO 

Triethylphosphine  is  also  formed  by  the  action  of  zinc  ethide  upon 
phosphorus   trichloride.     Phosphorus  trichloride  is  added  drop  by 
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drop  to  a  solution  of  zinc-ethyl  in  ether,  contained  in  a  flask  filled 
with  carbon  dioxide;  a  violent  reaction  sets  in,  zinc  chloride  and 
triethylphosphine  being  formed,  which  are  separated  by  adding  solid 
caustic  potash  and  water,  by  which  sufficient-heat  is  evolved  to  vola- 
tilize the  base. 

It  is  a  colourless,  refractive  liquid,  lighter  than  water,  and  boiling 
at  127*5°.  Its  odour  in  the  concentrated  state  is  most  powerful  and 
unpleasant,  but  when  diluted  it  becomes  fragrant,  and  resembles  very 
much  that  of  hyacinths.  When  it  comes  in  contact  with  the  air 
it  absorbs  oxygen  and  is  converted  into  hnethylphosphine  oxide 
PO(C2H5)3,  white  needle-shaped  crystals,  boiling  at  240°.  When  this 
oxidation  goes  on  very  rapidly,  so  much  heat  is  evolved  that  the 
liquid  takes  fire.  Triethylphosphine  is  only  a  weak  base,  and  forms 
salts  which  do  not  crystallize  well ;  the  hydlx)chloride  combines  with 
platinum  chloride  forming  [P(C2H5)3lICl]2  +  PtCl^  a  crystalline 
precipitate. 

Triethylphosphine  also  combines  with  sulphur,  forming  triethyl- 
2'>ho8phine  siUphide  PS(C2H5)3,  which  crystallizes  from  water  in  long 
needles,  melting  at  94°.  The  most  characteristic  property  of  this 
base  is,  however,  that  with  carbon  disulphide  it  forms  the  compound 
P(C2H5)3CS2,  which  is  insoluble  in  water  and  crystallizes  in  beautiful 
red  neecQes.  This  reaction  is  made  use  of  to  detect  traces  of  carbon 
disulphide,  as  in  coal  gas. 

Iodide  of  ethyl  and  triethylphosphine  combine  readily,  with  evolu- 
tion of  much  heat,  to  tetrethylphosphonium  iodide,  separating  from 
water  in  fine  crystals.  It  has  also  been  obtained  by  heating  absolute 
alcohol  and  phosphonium  iodide  : — 

4(C2H,.OH)  -h  PH,I  =  PCC^HJJ  +  4H2O 

This  salt,  which  is  not  decomposed  by  alkalis,  yields  with  silver 
oxide  and  water  the  hydroxide  P(C„H5)^0H,  a  white  crystalline  and 
very  alkaline  mass,  which  readily  absorbs  carbon  dioxide  from  the  air, 
and  yields  with  acids  soluble  and  crystalline  salts.  On  heating 
the  hydroxide,  ethane  is  evolved  and  triethylphosphine  oxide  is  left 
behind. 


ARSENIC  BASES  OF  KTHYL. 

Sodium  arsenide  AsNaj  is  violently  attacked  by  ethyl  iodide,  arsen- 
diethyl  As2(C2H5)^  and  triethylarsine  As(C2H5)3  being  formed,  which 
can  be  separated  by  distilling  the  product  in  an  apparatus  filled  with 
carbon  dioxide;  triethylarsine,  being  the  more  volatile  compound, 
distilling  first.  It  is  a  colourless  liquid,  which  refracts  light  strongly 
and  boils  with  partial  decomposition  at  140°.  It  possesses  a  most 
disagreable  odour;  when  exposed  to  the  air  it  absorbs  oxygen, 
emitting  white  fumes  without  taking  fire ;  the  oxide  AsO(C2H^)3,  an' 
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oily  liquid,  being  formed.  On  heating  triethylarsine  with  sulphur, 
the  sulphide  AsS(C2H5)  is  obtained,  which  crystallizes  in  large 
prisms.  Triethylarsine  also  readily  combines  with  ethyl  iodide  to 
form  tetrethylarsonium  iodide  As[Cfi^J.,  a  salt  which  with  moist 
silver  oxide  yields  the  hydroxide,  a  colourless,  deliquescent  mass, 
and  a  very  powerful  base. 

Arsendiethyl  or  Ethyl'Cacodyl<  Ag/n^xj^^*  ^^   ^  yellowish  liquid 

possessing  a  most  intolerable  smell,  boiling  at  about  190°,  and 
taking  fire  in  the  air.  It  combines  directly  with  sulphur  and  with 
the  elements  of  the  chlorine  group.     By  admitting  air  gradually  to 

an  alcoholic  solution,  ethyl-cacodylio  acid      ^  ^    ^'\t  [•  0  is  formed, 

crystallizing  in  deliquescent  plates.  It  has  a  sour  taste  and  forms 
crystalline  salts,  which  are  soluble  in  water. 

Arsenmonethyl  compounds  have  not  yet  been  obtained. 


ANTIMONY  BASES  OF  ETHYL. 


CgHg 


Trtethyletihtne  or  Stibethyl  Sb-<  CgHg  is  obtained  by  heating  ethyl 

iodide  With  an  alloy  of  potassium  and  antimony  (SbKj)  in  an 
atmosphere  of  carbon  dioxide*  It  is  a  heavy,  mobile,  colourless 
liquid,  boiling  at  158**,  and  possessing  a  powerful  odour  resembling 
that  of  onions.  Exposed  to  the  air  it  takes  fire,  but  when  it  is 
slowly  oxidised  in  an  alcoholic  solution,  stibethyl  oxide  Sb(C2H5)30  is 
obtained,  a  viscid  mass,  readily  soluble  in  water  and  combining  with 
acids.  On  adding  hydrochloric  acid  to  its  solution,  stibethyl  chloride 
Sb(C2H5)3Cl,  is  precipitated,  a  colourless  liquid,  which  smells  like 
turpentine,  and  is  also  formed  by  the  direct  union  of  stibethyl  and 
chlorine. 

Tetrethylstibonium  Iodide  Sb(C2H5)^I  forms  larger  transparent 
crystals;  it  is  readily  acted  upon  by  silver  oxide  and  water;  the 
hydroxide  thus  formed  is  a  thick,  strongly  alkaline  liquid. 


BISMUTH   BASES  OF  ETHYL. 


CjHg 


TriethylbismtUhiiie  Bi-<  C^Hg  is  obtained  by  the  action  of  ethyl 


2^6 


iodide  upon  an  alloy  of  bismuth  and  potassium  ;  it  is  a  heavy  colour- 
less liquid,  possessing  a  disagreeable  smell,  and  resembling  triethyl- 
stibine  in  most  of  its  properties,  its  compounds,  however,  being  less 
stable  than  those  of  the  latter.     On  adding  mercuric  chloride  to  ii% 
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solution  mercuric  chlorethide  Hg  -J  p?  ^  is  precipitated,  and  the  solu- 
tion contains  bismuthethyl  dichloride  lii{C^^C\^  which  on  evapora- 
tion is  obtained  in  small  crystals. 


.  CdH, 

BORETHYL  Oft  TRIETMYLBORlNE  Bo 


This  compound  is  prepared  by  gradually  adding  ethyl  borate  to 
zinc-ethyl : — 

2Bo(OC2H,)3  +  3Zn  (C.H,)^  -  2Bo(C,H,)3  +  3Zn(0C,H^, 

Triethylborine  is  a  colourless  liquid,  boiling  at  95^  and  possessing 
an  irritating  odoul* ;  its  vapour  strongly  attacks  the  mucous  mem- 
branes and  eyes.  In  contact  with  air  it  takes  fire,  burning  with  a 
smoky  green  flame ;  but  when  air  is  only  very  gradually  brought  in 

contact  with  it,  the  compound  Bok  OCaHg  is  formed,  a  liquid  boil- 

(  OC,H, 
ing  at  125'',  and  which  is  decotnposed  by  water  into  alcohol  and 
Bo(OH)2C2H5,  a  crystalline  solid,  having  a  sweet  taste*     On  heating 
triethylborine  with  concentrated  hydrochloric  acid,  ethane  is  evolved, 
and  bor-diethyl  chloride  BoC^CjjHg)^  left  behind. 


COMPOUNDS  OF  ETttYL  AND   SULPHUR. 

C  H  ) 

Ethyl  EtydrostUphide,  or  Mercttptan    ^  j}  J-  S  is  formed  by  the  action 

of  ethyl  chloride,  iodide,  ot  potassium  ethylsulphate  upon  potassium 
hydrosulphide.  To  prepare  it  a  solution  of  caustic  potash  is  saturated 
with  hydrogen  sulphide  and  then  distilled  with  a  concentrated  solu- 
tion of  potassium  ethylsulphate.  It  may  also  be  obtained  by  the 
action  of  phosphorus  pentasulphide  upon  alcohol:  — 

PA  +  5^»  h'  }  ^  =  ^''O*  +  5^*^  }  ^ 

Mercaptan  is  a  colourless  liquid,  having  a  nauseous,  intolerable 
smell,  like  onions,  and  boiling  at  36°.  It  is  almost  insoluble  in  water 
and  very  inflammable,  burning  with  a  blue  flame.  On  evaporating  it 
by  a  rapid  current  of  air,  so  much  heat  is  absorbed  that  a  portion  of 
the  liquid  solidifies  into  a  crystalline  mass.  The  alkaline  metals  dis- 
solve in  it  with  evolution  of  hydrogen  and  formation  of  mercaptides  as 

*^  I  S.     Other  metals  also  are  capable  of  replacing  hydrogen  in 
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mercaptan,  this  compound  having  the  character  of  a  weak  acid 
like  hydrogen  sulphide.  By  adding  mercuric  oxide  to  mercaptan 
a  violent  reaction  ensues,  water  and  mercuric  mercaptide  ^8i^^2^6\ 
being  formed  {mercurio  upturn).  This  compound  is  insoluble  in 
water;  from  an  alcoholic  solution  it  crystallizes  in  white,  silky 
scales ;  it  is  readily  decomposed  by  dry  hydrogen  sulphide,  the  pro- 
ducts being  mercuric  sulphide  and  mercaptan,  which  by  this  method 
is  readily  obtained  in  a  perfectly  pure  state. 

cut 

Ethyl  Sulphide  q^xt^  \  S. — To  prepare  this  compound  ethyl  chloride 

is  passed  into  a  boiling  alcoholic  solution  of  potassium  sulphide.  It 
is  a  mobile,  colourless  liquid,  boiling  at  91^and  possessing  a  nauseous 
smell  like  mercaptan.  Dilute  nitric  acid  oxidizes  it,  ethyl  sulphoxide 
(CgHJgSO,  an  oily,  non-volatile  liquid,  being  formed.  By  fuming 
nitric  acid  it  is  transformed  into  diethylsulplmne  (02115)2802,  which 
forms  colourless  crystals,  fusing  at  70°  and  boiling  at  248°.  By 
adding  zinc  and  hydrochloric  acid  to  its  aqueous  solution  it  is 
reduced  to  ethyl  sulphide,  and  on  boiling  it  for  some  time  with 
nitric  acid  it  is  oxidized  to  ethylsulphonic  acid. 

Ethyl  sulphide  readily  combines  with  ethyl  iodide,  forming  iriethyU 
sulphine  iodide  8(02115)31,  a  crystalline  compound  soluble  in  wat^r, 
and  which  by  the  action  of  water  and  silver  oxide  is  converted  into 
triethylsidphine  hydroxide  S(02H5)30H,  a  powerful  base,  forming  deli- 
quescent crystals  and  combining  with  acids,  yielding  well-defined 
salts. 

Mhyl  Bisulphide  p^Tj^c  r ,  a  colourless  liquid,  boiling  at  151°,  and 

having  a  very  disagreeable  smell,  is  formed  by  distilling  a  mixture 
of  potassium  disulphide  and  potassium  ethylsulphate,  or  by  acting 
with  iodine  upon  sodium  mercaptide : — 

202H5SNa  +  I^  =  2NaI  +  c'h's  \ 

i  S  J 


COMPOUNDS   OF  ETHYL  WITH   SELENIUM  AND  TELLURIUM. 

These  compounds  are  formed  by  reactions  quite  analogous  to  those 
by  which  the  sulphides  of  ethyl  are  obtained,  the  corresponding 
metallic  selenides  and  tellurides  being  employed  in  place  of  metallic 
sulphides. 

Ethyl  Hydroselenide,  or  Selenium  Mercaptan     2    6  l  Se  is  a  liquid 

possessing  a  most  intolerable  smell,  and  forming  with  mercuric  oxide 
a  crystalline  mercaptide. 

OH) 

Ethyl  Selenide  ^^  >  Se  is  a  yellow  liquid  with  a  most  disagree- 
able   smell,   which   is   oxidized  by  nitric   acid  to   ethyl  selenoxide 
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C  H  ) 

C^H^  \  ^^^'  *  hasic  compound,  forming  crystallized  salts.    On  adding 

hydrochloric  acid  to  its  solution  ethyUselenium  chloride  (C2H5)2SeCl2 
sepamtes  as  a  heavy  oil. 

C  H  ) 

Ethyl  Telluride  Q^jT^  >Te  is  a  reddish  yellow  liquid,  possessing  an 

intolerably  nasty  smell  It  is  soluble  in  nitric  acid ;  on  the  addi- 
tion of  hydrochloric  acid  to  this  solution,  ethyl'tdlurium  chloride 
(C2H5)2TeCl2  separates  out,  a  colourless  oil,  which  by  treatment  with 
silver  oxide  yields  ethyUtellurium  oa>ide  (Cfi^^eO,  a  crystalline 
solid,  soluble  in  water,  and  possessing  a  faint  alkaline  reaction. 


COMPOUNDS  OF  ETHYL  WITH  THE  METALS. 

Ethyl  Compounds  op  Zinc. 

C  H  7 

Zinc-ethyl  or  Zinc  Ethide  p^rr^  >  Zn. — This  important  compound  is 

most  conveniently  prepared  by  heating  ethyl  iodide  with  an  excess 
of  coarse  zinc  filings  in  a  flask  connected  with  a  reversed  con- 
denser. The  upper  end  of  the  condenser  is  provided  with  a  long 
descending  tube  dipping  under  mercury ;  thus  the  entrance  of  air  in 
the  apparatus  is  prevented,  and  the  reaction  proceeds  quicker  under 
the  increased  pressure.  The  end  of  the  reaction  is  recognized  by 
iodide  of  ethyl  ceasing  to  flow  back  from  the  condenser.  The  flask 
is  now  connected  with  the  upper  end  of  a  condenser,  and  heated  in 
an  oil-bath  as  long  as  zinc-ethyl  distils  over,  which  must  be  col- 
lected in  a  receiver  filled  with  dry  carbon  dioxide.  It  is  absolutely 
necessary  that  the  materials  used,  and  all  parts  of  the  isipparatus^  be 
perfectly  dry. 

When  zinc  acts  upon  ethyl  iodide  the  solid  compound    *  -f  j-  Zn  is 

first  formed,  which  at  a  higher  temperature  is  decomposed  with  the 
formation  of  zinc-ethyl  and  zinc  iodide,  thus  :^- 

It  is  necessary  to  employ  the  zidc  in  excess,  because  if  an  excess  of 
ethyl  iodide  be  present,  the  latter  acts  on  the  zinc-ethyl  and  butane  is 
formed : — 

2^^^l }  +  cJ^J  }  Zn  =  2C,H,o  +  Znl^ 

Zinc-ethyl  is  a  colourless  mobile  liquid,  heavier  than  water,  and 
possessing  a  peculiar  disagreeable  odour.    It  boils  at  118^  and  tukes 
C  K 


130  THE  CHEMISTRY  OF 

fire  in  the  air,  burning  with  a  bright  greenish  flame,  giving  off  thick 
clouds  of  zinc  oxide.  When  air  is  slowly  admitted  zinc  ethylate 
(C2H50)2Zn  is  formed,  a  white  solid,  which  is  acted  upon  by  water 
with  the  formation  of  ethyl  alcohol  and  zinc  hydroxide.  Water 
decomposes  zinc-ethyl  violently,  ethane  being  given  off : — 


Izn  +  2^  l-O  =r  2C2H^  -h  ZnCOH^) 


On  passing  dry  ammonia  into  zinc-ethyl,  zincamide,  a  white  solid, 
and  ethane  are  formed  : — 

^2^5  j-Zn  +  2NH3  =  Zn(NH^3  -h  2C^, 

The  property  of  zinc-ethyl  to  undergo  readily  double  decomposi- 
tions with  a  great  number  of  other  bodies,  is  frequently  made  use  of 
in  the  preparation  of  ethyl  compounds.  Several  examples  have  already 
been  given,  and  others  will  be  mentioned  hereafter. 

Sodium  and  potassium  dissolve  in  zinc-ethyl,  a  crystalline  double 
compound,  as  CgH^Na  +  {G^^^Zn,  being  formed,  from  which  the 
sodium  (or  potassium)  ethide  has  not  yet  been  isolated.  On  passing 
dry  carbon  dioxide  over  it,  sodium  propionate  is  formed  : — 

CjHjNa  H-  COj  =  CaHg-COgNa 


£thyl  Compounds  of  Mercurt. 

C  H  ) 

Mercury-diethyl  or  Mercuric  Ethide  r^^  r  Hg  is  obtained  from 

sodium  amalgam,  ethyl  iodide,  and  acetic  ether  in  the  same  way  as 
zinc  methyl  from  methyl  iodide.  It  is  a  very  heavy,  colourless  liquid, 
boiling  at  ISQ"",  and  possessing  a  disagreeable  smelL  When  it  is 
exposed  to  the  air  it  is  not  altered,  and  on  heating  it  with  zinc,  zinc- 
ethyl  is  formed,  whilst  with  aluminium  it  gives  aluminium-ethyl 
A1(C2H5).,  a  colourless  liquid,  fuming  in  the  air,  and  taking  fire  when 
exposed  in  a  thin  layer.  On  adding  mercury-ethyl  to  a  solution 
of  iodine  in  alcohol,  mercuric  iodethtde  CjHgHgl  is  formed,  which 
crystallizes  in  silvery  scales : — 

g^;}Hg  +  I,  =  C,H,I  +  C,H^}Hg 

Mercuric  Chlorethide  CjHgHgCl  is  obtained  by  mixing  mercury-ethyl 
with  an  alcoholic  solution  of  mercuric  chloride.  It  crystallizes  in 
shining  scales,  and  yields,  by  acting  on  it  with  freshly  precipitated 

moist  silver  oxide,  the  hydroxide    gg  >  Hg,  a  colourless  and  strongly 

alkaline  liquid,  which  forms  salts  with  acids.    By  the  action  of  con- 
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centrated  sulphuric  acid  on  mercury-ethyl  ethane  is  formed,  and 
mercuric  sulphatethide  (C2H5Hg)2SO^  crystallizing  from  alcohol  in 
large  colourless  plates. 

Ethyl  Compounds  of  Tin. 

Tin-diethyl  or  Stannous  Ethide  /n^u^^^Sn  i^^  obtained,  together 

with  tin-triethyl,  when  an  alloy  of  tin  and  sodium  is  heated  with 
ethyl  iodide.  It  is  a  colourless,  oily  liquid,  which  on  heating  is  de- 
composed into  metallic  tin  and  stannic  ethide.  Stannous  ethide  is  a 
dyad  radical.  When  exposed  to  the  air  it  combines  with  oxygen, 
forming  stannic  oxethide  (CgHJ^SnO,  an  amorphous  white  powder, 
forming  salts  with  acids.  Stannous  ethide  also  readily  combines  with 
the  elements  of  the  chlorine  group.  The  compounds  thus  obtained 
crystallize  well,  and  are  soluble  in  water  and  alcohol ;  on  adding  a 
caustic  alkali  to  the  solution,  stannic  oxethide  is  precipitated. 

Tin-triethyl  or  Stannoso-stannic  Ethide  /p^Svo^  >-is  a  thin  liquid 

which  is  easily  separated  from  stannous  ethide;  the  latter  being 
readily  soluble  in  alcohol,  whilst  tin-triethyl  is  insoluble;  it  is  decom- 

posed  on  heating.  With  oxygen  it  forms  the  compound  ^n^ jj^n^Cj*  \  0> 

a  white  solid  possessing  a  strong,  penetrating  smell,  and  forming 
salts :  thus,  on  adding  hydrochloric  acid  the  chloride  (G2H5)3SnGl  is 
obtained,  a  liquid  boiling  at  210%  and  possessing  a  very  pungent 
smelL 

C  H  f 

Tinrtetreihyl  or  Stannic  Ethid-e  p*tt*  >  Sn  is  formed  by  the  action 

of  zinc-ethyl  upon  anhydrous  stannic  chloride  or  the  chlorides 
(C2H5)jSnCi2  and  (C2H5)3SnCl,  as  well  as  by  heating  stannous  ethide. 
It  is  a  colourless  liquid  with  a  faint  ethereal  smell,  boiling  at  181^ 
It  does  not  absorb  oxygen,  but  is  readily  inflammable,  and  bums 
with  a  bright  luminous  flame.  By  the  action  of  iodine  it  yields 
ethyl  iodide  and  stannic  iodo-triethide  (C2H5)3SnI,  and  when  it  is 
heated  with  fuming  hydrochloric  acid  ethane  escapes,  and  stannic 
chloro-triethide  is  left  behind. 

Etutl  Compounds  of  Lbad. 

Lcad'tetreihyl  or  Plumbic  Ethide  q^^  >  Pb  is  formed,  together  with 

lead-triethyl,  by  acting  on  lead  chloride  with  zinc-ethyl : — 

K  2 
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PbjjCl^  +  2Zn(C2H5),  -  2ZnCl2  -f-  Pb  +  PbCCgH^)^ 

It  is  a  colourless  heavy  liquid,  boiling  at  200"*.  It  does  not  fume 
in  the  air,  but  is  easily  inflammable,  burning  with  a  yellow,  green- 
bordered  flame.  By  fuming  hydrochloric  acid  it  is  decomposed  into 
ethane  and  jilumhic  chlaro-triethide  (CgHJgPbCl,  crystallizing  in 
long  needles,  and  possessing  a  pungent  smell  like  mustard. 

Lead'triethyl    fn^xj  )py.  r  Is  a  thin  liquid  which  is  decomposed  on 

heating.  To  prepare  it,  an  alloy  of  lead  and  sodium,  PbNaj,  is  heated 
with  ethyl  iodide,  and,  after  cooling,  the  product  exhausted  with 
ether.  It  absorbs  oxygen  from  the  air,  forming  a  solid  oxide  having 
basic  properties  and  yielding  crystallized  salts. 

COMPOUNDS   OF  ETHYL  AND  8IUC0N. 

Silicon  Ethide  p^    6  I  gj  ig  obtained  by  the  action  of  zinc-ethyl 

2      5  I 
C2H5) 

upon  silicon  tetrachloride.  It  is  a  colourless  liquid,  boiling  at  150^ 
and  a  very  stable  compound,  not  being  oxidized  even  by  nitric  acid. 
With  chlorine  it  yields  substitution-products ;  the  first  product  being 
monochlorosilicon-ethyl  SiCgH^Cl,  a  colourless  liquid  boiling  at  150''. 
This  compound  shows  in  all  its  reactions  great  resemblance  to  the 
chlorides  of  the  alcohol  radicals.  Thus,  on  heating  it  with  potassium 
acetate  an  acetic  ether  is  formed,  which  on  treatment  w^ith  caustic 
potash  yields  an  alcohol,  a  liquid  smelling  like  camphor.  Silicon 
ethide  may  therefore  be  considered  as  nonane  or  nonyl  hydride,  in 
which  one  atom  of  carbon  is  replaced  by  one  of  silicon ;  by  substi- 
tuting one  atom  of  hydrogen  by  other  radicals,  compounds  of  the 
monad  radical  silicononyl  SiCgH^g  are  formed : — 

Siliconethyl  or  Siliconane 
Silicononyl  Chloride 

Silicononyl  Acetate 

Silicononyl  Alcohol 

Silicopropionic  Acid  CjHg.SiO.OH. — By  acting  with  zinc-ethyl 
and  sodium  upon  SiCl(OC2H5)g  (a  compound  described  under  Ethyl 
Silicate),  the  body  SiC2H5(OC2H5)j  is  formed,  which  has  been  called 
ethyl  ortfiOsilicoprapioneUe.  It  is  a  colourless  liquid,  boiling  at  ISS^'o. 
When  it  is  heated  with  acetyl  chloiide  to  180**  ethyl  acetate  is  formed, 
and  sUiconmanethyl  trichloride  SiC^HgClj,  a  liquid  fuming  in  the  air,  and 
which  is  easily  decomposed  by  water  with  the  formation  of  silicopm- 


SiCgHgj 

Boiling-point. 

150° 

SiCgH^Cl 

187 

^?j{!§^ 

211 

190 
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pionic  acid,  a  white  light  amorphous  powder,  which  has  the  greatest 
resemblance  to  finely  divided  silica.  It  dissolves  in  concentrated 
potash  solution,  and  is  not  precipitated  by  hydrochloric  acid ;  but  on 
boiling  the  alkaline  solution  down  with  sal  ammoniac,  silicopropionic 
acid  is  left  behind  in  the  insoluble  state.  It  differs  from  silica,  how- 
ever, by  not  being  soluble  in  caustic  soda ;  and  moreover  on  heating 
it,  it  begins  to  glow,  an  inflammable  gas  being  evolved.  Silicopropionic 
acid  is  the  first  example  of  a  new  class  of  acids  containing  SiO.OH 
in  the  place  of  carboxyl  CO.OH. 

Silicoheptyl  Compounds, — By  the  further  action  of  zinc-ethyl  and 
sodium  upon  silicopropionic  ether,  first  silicondiethyl  ether  Si(C2H5)2 
(002115)2  is  formed,  a  liquid  boiling  at  155'8**,  which  in  appearance 
and  smell  is  very  similar  to  silicic  ether.  On  very  prolonged  treat- 
ment with  sodium  and  zinc-ethyl,  Micoheptyl  ether  Si(C2HJ30C2H5, 
a  liquid  boiling  at  153^  is  produced.  On  heating  with  acetyl  chloride 
to  ISO"*  it  jrields  ethyl  acetate  and  sUicontriethyl  chloride,  or  silico' 
heptyl  chloride  Si(C2H5)3Cl,  a  liquid  having  a  pungent  and  camphor- 
like smell,  and  boiling  at  143*5^  It  is  readily  decomposed  by 
aqueous  ammonia,  with  the  formatioji  of  silicon  triethylhydroxide  or 
tertiary  silicoheptyl  alcohol  Si(C2H5)30H.  This  body  may  be  regarded 
as  triethyl  carbinol,  in  which  one  atom  of  carbon  is  replaced  by 
silicon,  and  may  therefore  be  called  triethyl  silicol.  It  is  a  colourless 
liquid,  smelling  like  camphor,  and  boiling  at  154'. 

By  the  action  of  fuming  sulphuric  acid  on  triethyl  silicol  it  is 
oxidized  with  the  formation  of  silicopropionic  acid  and  ethene  : — 

Si(C2H5)30H  -f-  2SO3  =^  SiCCjHJO.OH  +  2C2H^  +  280,  +  Hfi 

When  silicoheptyl  ether  is  heated  wit}i  hydriodic  acid  it  yields 

ethyl  iodide  and  silicoh^tyl  oodde  g:/r;*H^^^  f  0,  a  colourless  liquid, 

boiling  at  23 1^ 

Sodium  acts  violei^tly  on  a  solution  of  triethyl  silicol  ia  pure  ether, 
the  compound  81(02115)30 Na  being  formed,  which  is  a  white  powder. 
By  passing  dry  carbon  dioxide  into  its  ethereal  solutioQ,  a  white 
precipitate  is  produced  of  sodium  silicoheptyl-carhonate  &\{G^^jd. 
CO.ONa.  It  is  very  deliquescent,  and  is  resolved  by  water  into  tri- 
ethyl silicol  and  sodium  carbonate.  When  heated  to  redness  it  is 
resolved  into  silicoheptyl  oxide  and  sodium  carbonate,  being  the  first 
silicon-containing  body  that  leaves  carbonate  instead  of  silicate  when 
heated. 


ETHANE   AND   ITS   SUBSTITUTIOX-PRODUOrS. 

Ethane  CjHg  is  a  colourless  gas,  which,  as  we  have  just  seen,  may 
be  obtained  by  different  reactions.  Pure  ethane  is  formed  by  passing 
a  galvanic  current  through  a  concentrated  solution  of  potassium 
acetate ;  the  gas  must  be  washed  with  caustic  potash  and  concen- 
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trated  sulphuric  acid,  to  free  it  from  carbon  dioxide  and  other  admix- 
tures. It  is  also  formed  by  heating  dry  methyl  iodide  with  zinc  in 
closed  tubes  to  150^  or  by  decomposing  zinc-ethyl  with  water,  or 
mercuric  ethide  with  sulphuric  acid. 

"WJien  a  mixture  of  equal  volumes  of  ethane  and  chlorine  is  exposed 
to  the  daylight,  ethyl  chloride  and  dichlorethaue  C^H^Clj  are  formed. 
By  the  further  action  of  chlorine  the  following  products  are  formed : — 

Boiling-  Boiling- 

point  point. 

CjHgCl  ....      12o''     CjHjCl^     ....     127" 

CjH^Clj ....      59         C2HCI5 158 

CjHjCl,.    ...      75         CjClj 180 

Dichlorethane  will  be  described  further  on. 

TricMorethatu  C^KgCl^  is  acted  upon  by  an  alcoholic  solution  of 
caustic  potash,  the  products  being  potassium  chloride  and  potassium 
acetate : — 

CH,  CH, 

+  4K0H  =  I  +  3KC1  +  2H-0 

!C1,  CO.OK 

Sexaehlorethane  C,Cly  commonly  called  carbon  sesquichloride, 
forms  colourless  crystals  and  smells  like  camphor. 


k 


ACETYL  COMPOUNDS. 

Acetaldehyde  CjH^O,  commonly  called  simply  aldehyde  (from 
alcohol  dehydrogenatum),  as  it  was  the  first  known  of  this  class  of 
bodies,  is  obtained  by  oxidizing  spirits  of  wine  by  means  of  man- 
ganese dioxide  and  sulphuric  acid,  chromic  acid,  or  platinum  black,  in 
presence  of  air,  or  if  alcohol  or  ether  are  burning  without  a  sufl&cient 
supply  of  air.  It  is  also  formed  by  heating  a  mixture  of  acetate  and 
formate  of  calcium : — 

(H  rCH3      (CH3 

^  CO  +  ^  CO   =^  CO  -f  CO,  +  H,0 

(oh     (oh     (h 

It  is  contained  in  considerable  quantity  in  the  first  runnings 
obtained  in  the  manufacture  of  spirits  of  wine. 

To  prepare  pure  aldehyde,  three  parts  of  potassium  dichromate  in 
small  pieces  are  placed  in  a  flask,  surrounded  by  a  freezing  mixture, 
and  a  well-cooled  mixture  of  two  parts  of  spirits  of  wine,  four  parts 
of  sulphuric  acid,  and  twelve  parts  of  water  added.  After  con- 
necting the  flask  with  a  condenser,  the  freezing  mixture  is  re- 
moved; a  violent  reaction  very  soon  sets  in,  and  the  liquid  begins 
to  boil.    The  vapours  have  first  to  pass  through  an  ascending  tube 
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surrounded  by  warm  water  at  about  50^  Alcohol  and  different 
products  are  condensed  and  flow  back,  whilst  the  vapour  of  the 
aldehyde,  after  having  passed  through  a  descending  condenser,  is  ab- 
sorbed in  anhydrous  ether.  On  passing  dry  ammonia  gas  into  the 
ethereal  solution,  a  white  crystalline  solid,  called  aldehyde-ammonia 
C2H4O.NH3  separates.  On  distilling  this  substance  with  dilute  sul- 
phuric acid,  pure  aldehyde  is  obtained,  which  may  be  dried  over  cal- 
cium chloride.  Acetaldehyde  is  a  colourless  liquid,  boiling  at  2r, 
and  having  a  very  pungent  and  suffocating  smell.  It  is  readily 
soluble  in  water ;  caustic  potash  transforms  it  into  a  brown  resinous 
mass.  Like  all  aldehydes  it  is  very  easily  oxidized,  and  acts  there- 
fore as  a  powerful  reducing  agent.  Thus,  on  heating  it  with  a  little 
ammonia  and  nitrate  of  silver,  metallic  silver  separates  out,  coating 
the  sides  of  the  vessel  with  a  bright  mirror : — 

C^H.O  -f.  Ag,0  =  C,H,0,  -f.  Ag, 

It  combines  with  ammonia,  and  forms  a  crystalline  compound, 
which  has  a  peculiar  smell  of  mice.  The  constitution  of  aldehyde- 
ammonia  is  the  following : — 

NH, 

ni— CH, 

I 
OH 

By  dilute  acids  it  is  decomposed,  aldehyde  being  liberated  and  an 
ammonium  salt  formed.  When  kept  in  the  moist  state  it  undergoes 
a  slow  decomposition,  and  is  changed  into  a  brown  sjrrupy  liquid, 
which  contains  a  basic  compound  called  aldehydine  or  kydracet- 
amide  C^HigNj : — 

3(C,H,O.NH3)  =  CeHijK -h  NH3  -h  SH^O 

Aldehydine  is  an  amorphous  mass,  soluble  in  water,  and  possessing 
an  alkaline  reaction.  It  combines  with  acids,  forming  amorphous 
salts.  On  boiling  its  aqueous  solution  ammonia  escapes,  and  a  new 
base,  oxytrialdine  CgHnNO,  is  obtained,  which  possesses  properties 
very  similar  to  those  of  aldehydine. 

If  aldehyde-ammonia  is  heated  with  alcohol,  the  bases  oxytetraldine 
CgHjjNO  and  oxypentaldiru  CioHigNO  are  obtained. 

Aldehyde  combines  with  the  acid  sulphites  of  the  alkali-metals, 
and  forms  crystalline  compounds,  which  are  not  very  soluble  in 
water ;  thus  if  aldehyde  is  shaken  with  a  cold  concentrated  solution 
of  acid  sodium  sulphite,  the  liquid  is  converted  into  a  magmxi,  of 

r  OH 

crystals  having  the  formula  CH3.CH  |  gQ  jj^.      Dilute    acids    or 

alkalis  again  liberate  aldehyde  from  these  compounds. 

With    anhydrous    prussic    acid,  aldehyde  forms  the  compound 
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CjH40.CNH,  whicli  boils  at  ISO"*,  with  partial  decomposition.  On 
adding  concentrated  hydrochloric  acid  to  this  body  ammonium 
chloride  and  lactic  acid  are  formed  (compare  lactic  acid). 

Phosphorus  pentachloride  acts  violently  upon  aldehyde;  the 
products  of  the  reaction  being  phosphorus  oxychloride  and  diMor^ 
ethane  CjH^Cls, 

A  great  number  of  substances,  such  as  hydrochloric  acid,  sulphuric 
acid,  carbonyl  chloride,  &c.,  even  if  present  only  in  very  minute 
quantities,  cause  the  condensation  of  the  aldehyde  into  paraldehyde 
C^H^gO^  a  liquid  boiling  at  124°,  and  solidifying  at  a  low  temperature 
into  crystals  melting  at  +  10*5°.  On  distilling  paraldehyde  with  the 
above  substances,  it  again  splits  up  into  three  molecules  of  acetal- 
dehyde. 

Another  polymeride  called  metaldehydey  the  molecular  weight  of 
which  is  not  known,  is  produced  when  the  above-mentioned  sub- 
stances are  brought  into  contact  with  aldehyde  at  a  temperature 
below  0^  It  crystallizes  in  colourless  needles  or  prisms,  which  when 
quickly  heated  sublime.  When  metaldehyde  is  heated  in  a  closed 
vessel  to  115^  it  again  changes  after  a  few  hours  into  common 
aldehyde. 

On  heating  aldehyde  with  a  solution  of  zinc  chloride  or  some  other 
salts,  water  is  eliminated,  and  croton  aldehyde  C^HgO  is  formed,  a 
compound  which  will  be  described  hereafter. 


ACKTIC   ACID   CgH^Og. 

Dilute  acetic  acid,  or  vinegar,  has  been  known  from  very  early 
times.  The  different  modes  of  the  formation  of  this  acid  have 
already  been  fully  described.  On  the  large  scale  acetic  acid  is 
produced  by  the  oxidation  of  alcohol,  or  by  the  destructive  dis- 
tillation of  wood.  Pure  alcohol,  even  when  very  dilute,  is  not 
oxidized  in  contact  with  air,  but  in  the  preseiice  of  platinum  black 
and  air  it  is  converted  into  aldehyde  and  acetic  acid.  The  same 
change  occurs  when  dilute  alcohol  contains  certain  nitrogenous 
organic  bodies.  For  this  reason  wine,  beer,  &c.,  in  which  such  bodies 
are  contained,  turn  sour  on  exposure  to  the  air. 

In  the  manufacture  of  vinegar  a  mixture  of  wine,  beer,  or  diluted 
spirits,  with  some  vinegar  and  yeast,  is  kept  in  loosely  covered  vats, 
at  a  temperature  of  about  24" — 27^  for  about  fourteen  days,  after 
which  time  the  liquid  is  changed  into  yinegar.  On  increasing  the 
surface  of  the  liquid,  the  oxidation  goes  on  much  quicker.  To  effect 
this  the  liquid  is  made  to  run  slowly  over  shavings  of  beechwood 
saturated  with  vinegar,  contained  in  large  vats,  through  which  a 
current  of  air  is  made  to  pass. 

Acetic  acid  is  found  in  nature  in  the  form  of  acetic  ethers  in  several 
plants ;  it  has  also  been  found  in  small  quantities  in  animal  juices. 


THE  CARBON  COMPOUNDS.  137 

The  so-called  pyroligneous  acid,  obtained  by  the  distillation  of 
wood,  is  dilute  acetic  acid  mixed  with  empyreumatic  substances.  It 
is  used  to  prepare  the  common  commercial  acetic  acid,  by  neutralizing 
it  with  lime,  and  evaporating  the  solution  to  dryness ;  the  residue  is 
gently  roasted  so  as  to  destroy  the  foreign  matters,  and  then  distilled 
with  hydrochloric  acid. 

.  To  obtain  pure  acetic  acid,  five  parts  of  anhydrous  fused  sodium 
acetate  are  distilled  with  six  parts  of  pure  concentrated  sulphuric 
acid.  It  is  a  colourless  liquid,  boiling  at  11 8^  and  solidifying  on 
cooling  into  large  transparent  plates  {glacial  acetic  acid)  melting 
at  -f-  17^  It  possesses  a  pungent  and  sour  smell,  and  is  corrosive, 
destroying  the  skin.  It  mixes  with  water  in  all  proportions,  and  is 
a  solvent  for  essential  oils,  hydrocarbons,  and  many  other  bodies 
which  are  insoluble  in  water.  At  15°  it  has  the  spec.  grav.  10553. 
On  mixing  with  water  a  contraction  first  takes  place  until  20 — 23 
per  cent,  of  water  are  present;  this  acid  has  the  specific  gravity 
10748.  On  further  addition  of  water  the  specific  gravity  diminishes 
again ;  acetic  acid  of  43  per  cent,  having  the  same  specific  gravity 
as  the  anhydrous  acid. 

C  H  O  } 

Potassium  Acetate    *    V  r  ^   ^^    obtained  by  neutralizing  dilute 

acetic  acid  with  purified  potassium  carbonate.  It  is  a  very  deli- 
quescent salt,  and  difficult  to  crystallize.  The  dry  salt  fuses  at  300"*, 
and  may  be  heated  even  stronger  without  undergoing  decomposition. 
On  cooling  it  solidifies  to  a  radiated  crystalline  mass.  If  it  is  dis- 
solved in  common  strong  acetic  acid,  and  the  solution  heated,  water  is 

given  ofF,  and  a  compound    *^V  f  0  +  H  i  ^  ^^^  called  biacetate 

of  potash)  formed,  which  on  heating  to  200**  splits  up  into  anhydroug 

acetic  acid  and  potassium  acetate.    This  reaction  may  be  used  for 

preparing  pure  acetic  acid. 

Sodium  Acetate  is  obtained  on  the  large  scale  by  dissolving  the 

roasted  crude  calcium  acetate  in  water,  and  decomposing  it  by  sodium 

sulphate.     The  filtrate  yields  on  evaporation  sodium  acetate,  which 

if  strongly  heated  may  be  freed  from  all  traces  of  empyreumatic 

substances  still  adhering  to  it     Sodium  acetate  crystallizes  in  long 

CHOI 
monoclinic  prisms     *  -A-    [-0  +  SH^O,  which  melt  on  heating,  and 

give  off  water.  The  anhyarous  salt  fuses  above  300'  to  a  colourless 
clear  liquid. 

C  H  O  ) 

Ammonium  Acetate    V|y   >0. — The  anhydrous  salt  is  formed  by 

passing  dry  ammonia  into  pure  acetic  acid.  It  is  very  soluble  in 
water.      On    heating    it    decomposes    into    water    and    acetamide 

Aluminium.  Acetate  is  prepared  by  adding  a  solution  of  lead  acetate 
to  a  solution  of  aluminium  sulphate ;  it  is  used  under  the  name  of 
"  red  liquor,*'  as  a  mordant  in  calico-printing. 
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By  dissolving  iron  turnings  in  pyroligneous  acid  a  solution  of 
ferrous  acetate  is  obtained  called  "  iron  liquor  "  which  is  also  employed 
as  a  mordant 

Lead  Acetate,  commonly  called  sugar  of  lead,  yh(CJS,fi^2  +  3HjO, 
is  manufactured  by  dissolving  litharge  in  dilute  acetic  acid;  it 
crystallizes  in  monoclinic  prisms,  and  is  readily  soluble  in  water.  Its 
solution  has  the  power  of  dissolving  large  quantities  of  litharge,  basic 

salts  such  as     *  A  A  [-Pb  being  formed,  the  solutions  of  which  have 

a  strong  alkaline  reaction,  and  are  used  for  surgical  purposes. 

Cupric  Acetate. — The  so-called  "  verdigris,"  which  is  prepared  on  the 
large  scale  by  bringing  the  marc  of  grapes  in  contact  with  copper- 
sheeting,   is    a  mixture    of  basic    salts,    and    consists    chiefly    of 

2^  2  LCu.     By  dissolving  it  in  acetic  acid,  the  normal  acetate 

Cu(C2H302)2  +  HgO,  crystallizing  in  rhombic  prisms,  is  obtained. 

The  teautiful  green  pigment  called  "  emerald  green  "  is  a  double 

2AsO  ) 
salt  of  copper  acetate  and  arsenite  n  xr  q^  r  Cu^,  and  is  prepared  by 

adding  acetic  acid  to  copper  arsenite. 

Silver  Acetate  *  1  „  f  0- — Silver  nitrate  precipitates  from  a  solu- 
tion of  an  acetate  this  salt  as  a  white  crystalline  powder,  which 
crystallizes  from  boiling  water  in  flat,  flexible,  white,  shining  needles. 

C  H  O  ) 
Methyl  Acetate  *q|t   J-  0  is  a  mobile  liquid  having  a  refreshing 

smell,  boiling  at  55°.  It  is  contained  in  crude  wood  spirits.  To 
prepare  it  a  mixture  of  methyl  alcohol  and  sulphuric  acid  is  distilled 
with  dry  sodium  acetate.  This  ether  has  the  same  boiling-point  as 
its  metaraeride  ethyl  formate.  Both  can,  however,  be  easily  distin- 
guished from  each  other ;  by  treatment  with  alkalis,  methyl  acetate 
yields  methyl  alcohol  and  an  alkaline  acetate,  whilst  ethyl  formate 
gives  ethyl  alcohol  and  an  alkaline  formate. 

C  H  O  ) 

Ethyl  Acetate  l^^   f  0,  a  liquid  known  by  the  name  of  "  acetic 

ether,"  is  best  prepared  in  the  following  manner.  To  9  parts  of  con- 
centrated sulphuric  acid  3*6  parts  of  commercial  absolute  alcohol  are 
added  by  means  of  a  funnel  tube  which  reaches  the  bottom  of  the 
vessel,  at  the  same  time  keeping  the  liquid  well  stirred.  After  stand- 
ing for  twenty-four  hours  this  mixture  is  added  to  6  parts  of  sodium 
acetate,  which  has  previously  been  fused  and  broken  into  small  frag- 
ments, and  after  twelve  hours  the  mixture  is  distilled.  Thus  6  parts 
of  pure  acetic  ether  are  obtained,  from  which,  by  rectifying  over  calcium 
chloride,  traces  of  water  are  removed.  Ethyl  acetate  boils  at  74^  and 
possesses  a  very  pleasant  and  refreshing  smell.  It  dissolves  in  about 
11  parts  of  water;  the  solution  soon  assumes  an  acid  reaction,  the 
ether  being  decomposed  into  alcohol  and  acetic  acid.  Acetic  ether  is 
also  slowly  formed  by  allowing  a  mixture  of  acetic  acid  and  alcohol 
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to  stand  for  some  time,  the  refreshing  smell  of  hock-vinegar  being 
due  to  an  admixture  of  this  ether. 

Sodium  has  a  very  peculiar  action  upon  the  acetates  of  methyl  and 
ethyl.  As  far  as  this  very  complicated  reaction  has  been  studied,  the 
first  stage  is  that  in  the  methyl  group  of  acetyl  one  atom  of  hydrogen 
after  the  other  is  substituted  by  sodium ;  but  little  or  no  hydrogen  is 
set  free,  probably  because  it  acts  in  the  nascent  state  upon  some  of 
the  acetyL  The  sodium  compounds  thus  formed  are  again  acted 
upon  by  the  excess  of  the  acetic  ethers,  the  product  of  the  reaction 
consisting  of  a  white  solid,  from  which  two  crystallinic  compounds 
have  been  isolated,  which  have  been  formed  according  to  the  follow- 
ing equations  : — 

(1)    CH,  CH, 

I 


GO.OCH,  CO 


CHNa,  CHNa 

CO.OCH,  CO.OCH, 

(2)    CH,  CH, 

I 


I  +  NaO.CH, 


CO.OCjHj  CO 


CO. 


i: 


CHNa,  CHNa 

OC^Hj  CO.OCjHj 


+  NaO.CjHj 


On  adding  a  dilute  acid  to  the  first  of  these  bodies,  sodium  is  replaced 
by  hydrogen,  and  a  liquid  boiling  at  170°  is  obtained,  which  has  been 
called  methyldiaeetie  acid,  although  the  body  is  not  an  acid, but  the 
methyl  ether  of  an  acid  which  is  not  known  in  the  free  state  and 
which  has  been  called  cuxtone-earhonic  add. 

This  ether,  as  well  as  the  sodium  compound,  yield,  when  heated 
with  water,  carbon  dioxide,  methyl  alcohol,  and  acetone  (dimethyl- 
ketone) : — 

CH, 

I  CH, 

CO  I 

I  +H,0=      CO   +HO.CH,  +  CO, 

CH, 
CO  OCH, 

The  compound  obtained  from  ethyl  acetate  yields  under  the  saine 
circumstances  ethylaeetone-earbotuUe  (ethyl-diacetic  acid),  which  boils 
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at  187^  and  with  water  yields  ethyl  alcohol,  acetone,  and  carbon 
dioxide. 

If  the  solid  product  obtained  by  the  action  of  sodium  upon  acetic 
ether  is  acted  upon  by  ethyl  iodide,  different  compounds  are  formed^ 
which  can  be  separated  by  fractional  distillation ;  amongst  them  there 
are  ethei'S  of  the  fatty  acids,  such  as  ethyl^acetic  add  or  hiUyric  acid^ 
which  is  produced  by  the  substitution  of  ethyl  for  one  atom  of 
hydrogen  in  the  methyl  group  of  acetic  acid,  the  radical  methyl  being 
thus  changed  into  propyl  : — 

CBLNa  CH0.C2H5 

I  +  C,H,I  =1  4  Nal 

CO.OCjHg  CO.OCjHg 

In  a  similar  way  diethyl-deetie  acid,  an  isomeride  of  caproic  acid, 
is  obtained : — 


CHNa,  CH(CJl6)2 

+  2C2H5I  =1  +  2NaI 

O.OC2H5  CO.OCjHj 


i 


Another  class  of  compounds  are  formed  by  the  action  of  ethyl 
iodide  upon  the  sodacetone-carbonic  ethers : — 


I 

CO 

+  CgHjI  *      I  +  Nal 


Ao 


i 


HNa  CRCjHfi 


CO.OC2H5  CO.OCjH 


2*^5 


The  ethyl  ethacetone-carhonate  thus  formed  is  readily  decomposed 
by  baryta-water,  the  products  being  alcohol,  barium,  carbonate,  and 

f  CH 

methyl-propyl  ketone  CO  -j  ^  t|  . 

By  a  similar  reaction  disodacetone-carbonie  ether  yields  ethyl 
diethacetone-carboruUe,  which  is  attacked  by  baryta-water  in  a  similar 
way  as  the  preceding  compound : — 

CH, 

CH3 

;o  I 

I  +  BarOHL  =      CO  +  C2H.OH  +  BaCO, 

CJfCCjHg), 


A 


CO.OC2H5 


Acetyl  Chloride  CJIgOCl. — The  best  method  to  prepare  this  com- 
pound is  to  mix  gradually  acetic  acid  and  phosphorus  trichloride,  and 
to  distil  the  mixture  from  a  water-bath : — 
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3C2H3O  I  Q  ^  p^j^  ^  SCgHyOCl  +  PO3H3 

It  is  a  colourless  liquid,  boiling  at  55°,  and  possessing  a  very 
pungent  smell ;  it  fumes  in  the  air,  and  is  heavier  than  water,  by 
which  it  is  rapidly  decomposed  into  acetic  acid  and  hydrochloric  acid. 

Acetyl  Bromide  CjHjOBr,  obtained  by  the  action  of  phosphorus 
tribromide  upon  acetic  acid,  has  similar  properties ;  it  boils  at  81°. 

If  sodium  amalgam  is  iDrought  into  contact  with  a  mixture  of 
acetyl  chloride  and  acetic  acid,  the  nascent  hydrogen  converts  the 
chloride  first  into  aldehyde,  which  combines  with  hydrogen  to  form 
alcohol ;  the  latter  is  again  acted  upon  by  acetyl  chloride,  the  pro- 
ducts of  the  reaction  thus  being  sodium  chloride,  sodium  acetate,  acetic 
ether,  and  waten 

On  heating  acetyl  chloride  with  silver  cyanide,  acetyl  cyanide 
CH3.CO.CN  is  obtained,  a  liquid  boiling  at  91°,  and  which  by 
water  is  decomposed  into  acetic  acid  and  hydrocyanic  acid. 

OHO) 
Acetyl  Oxide  or  Acetic  Anhydride  n  Vq  f  0  is  formed  by  the  action 

of  acetyl  chloride  upon  any  anhydrous  acetate.  To  prepare  it, 
phosphorus  oxychloride  is  added  drop  by  drop  to  an  excess  of  fused 
sodium  acetate ;  a  violent  reaction  ensues,  by  w^hich  suflficient  heat 
is  evolved  to  volatilize  the  anhydride,  which  is  formed  by  the  two 
successive  reactions : — 

(1)     POCI3  +  3^«^^^  1 0  =-  3^«^30  I  ^  P0,Na3 

.ON     C2H3O  )       CjHjO  ]  Q  _  CgHgO  I Q  ,  ^01 
^^^  CI  J   ^        Na  j  ^'  "  C2H3O  J  ^  ^  ^*^^ 

It  is  a  colourless  liquid,  boiling  at  138°,  and  possessing  a  pun- 
gent smell.  It  is  heavier  than  water,  by  which  it  is  decomposed — 
slowly  in  the  cold,  more  quickly  on  heating — into  two  molecules  of 
acetic  acid : — 

* 

Acetic  anhydride  combines  with  potassium  acetate,  forming  a 
crystalline  compwound  C^H^Og  +  2C0H3O2K.  By  the  action  of  hydro- 
chloric acid  it  yields  acetic  acid  and  acetyl  chloride  : — 

C,H30)o      H)   ^  C^HgO  I  Q      C,H30  ) 
C2H30j^^Clj~         HJ^^         Clj 

By  treating  it  with  iodine  and  phosphorus  a^cetyl,  iodide  CjHgOI  is 
obtained,  a  liquid  having  a  brown  colour,  and  boiling  at  108°.  By 
water  it  is  decomposed  into  acetic  acid  and  hydriodic  acid. 
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If  silicon  tetrachloride  is  digested  with  a  mixture  of  acetic  acid 
and  acetic  anhydride,  acetyl  silicon  oxide  or  silico-acetie  anhydride 
SiiC^R  fi^^  is  formed  :— 

4C2H3O  j  Q  ^  g.p,^  ^  (CjHjO^.Si  +  4HCI 

It  forms  beautifully  white  crystals,  which  if  thrown  into  water 
decompose  with  a  hissing  noise,  acetic  acid  and  silicic  acid  being 
formed. 

If  acetic  anhydride  is  heated  with  ethyl  silicate  a  reaction  sets  in 
by  which  ethyl  acetate  and  triethyl-acetyl  silicate  are  formed : — 

sifow,  4.  g^;g  }  0  =  Si]  oc^^;  4.  \?|?  } 0 

(  0C,H30 

Ethyl-acetyl  silicate  is  a  liquid,  which  has  a  faint  smell  of  acetic 

acid,  and  boils  at  about  190**. 

C  H  O  ) 
Acetyl  Peroxide  q*xi*q  \  O^ — ^^  obtain  this  compound,  pure  barium 

9       o        y 

peroxide  is  added  to  a  solution  of  acetic  anhydride  in  ether ;  the  liquid 
is  separated  from  the  barium  acetate  by  filtration,  and  evaporated  at 
a  low  temperature.  The  peroxide  is  left  behind  as  a  thick  liquid, 
which  on  heating  explodes  with  great  violence.  It  has  a  burning  taste, 
and  is  as  powerful  an  oxidizing  agent  as  hydrogen  peroxide;  it 
decolorizes  indigo  solution,  sets  iodine  free  from  potassium  iodide,  and 
converts  potassium  ferrocyanide  into  ferricyanide.  This  substaace  is 
formed  according  to  the  equation  : — 

niacOic  Add  ^•°«°  }  S  is  obtained  by  dirtilUng  oceUc  acid  mth 
phosphorus  pentasulphide : — 

5C2H3O    I    Q     ^     p^g^    ^     gC^jO    I    g     ^     p^Q^ 

Freshly  prepared  it  is  a  colourless  liquid,  but  after  some  time  it 
becomes  yellow  ;  it  boils  at  93®,  and  smells  like  hydrogen  sulphide  and 
acetic  acid.  It  is  soluble  in  water,  and  forms  crystalline  salts,  the 
most  characteristic  of  which  is  lead  thiacetaie,  which  crystallizes  from 
water  in  white  needles  which  cannot  be  kept,  as  they  soon  decompose, 
leaving  lead  sulphide  behind. 

When  phosphorus  pentasulphide  acts  upon  acetic  anhydride,  acetyl 

ulphide  or  thiacetit  anhydride  n^^Q  f  S  is  formed,  a  colourless  liquid 

m      o       y 


8 
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boiling  at  121**,  which  with  water  yields  acetic  acid  and  thiacetic 
acid : — 


'2 


H3O  I  s  +  ^  I O  -  ^2^30  1  o  .   CjHjO  \  Q 


Acetamide         H  VN  is  slowly  formed  when  acetic  ether  is  acted 

H 

upon  by  ammonia  in  the  cold,  quickly  if  they  are  heated  together 
in  sealed  tubes  to  120''.  It  forms  white  crystals,  melting  at  78^ 
boiling  at  222%  and  smelling  like  mice.  It  combines  with  acids, 
but  its  salts  are  not  very  stable  ;  the  nitrate  N(C2H30)H3.NOj  is 
obtained  in  form  of  crystalline  plates  by  evaporating  a  solution  of 
acetamide  in  nitric  acid.  Freshly  precipitated  silver  oxide  dissolves 
in  a  hot  aqueous  solution  of  acetamide,  and  on  cooling  colourless 

crystals  of  silver  acetamide         H  >N  separate.  Mercuric  oxide  forms 

Agj 

(C,H,0),) 
a  similar  compound,  mercury  acetamide  Ho  >N. 

Hgj 
When  dry  hydrochloric  acid  gas  is  passed  over  fused  acetamide, 

diacetamide  C<,H,0  >  N  distUs.  and  the  residue  consists  of  ammonium 


C.H.0  V  N  distils, 
HJ 


chloride  and  acetdiamine  hydrochloride  CjHgNgClH,  a  salt  crystallizing 
in  colourless  needles.  The  free  base  itself  has  not  been  isolated ; 
by  adding  an  alkali  to  one  of  its  salts,  acetdiamine  takes  up  water, 
and  is  resolved  into  ammonia  and  acetic  acid. 

The  reactions  by  which  this  compound  is  formed  are  expressed  by 
the  following  equations  : — 

CjHjO  ^  C  JI3O 

(1)     2        H  VN  +  HCl  =  NH.Cl  +  C^HJ 
HJ  H 

CHo  CHa  CH«  CH, 


3      ...3    ^p   _^p 

CO.NH,      CO.OH      C(NH)NH, 


(2)      I  +1  =1  + 

CO.NH. 


•J      ^^-^-"t 


If  acetic  ether  is  acted  upon  by  ethylamine  instead  of  ammonia, 

C,H,0 )      . 
ethyl-acetamide     CgH.  vN  is  obtained,  a  thick  liquid  boiling  at  200**. 

HJ    . 
By  acting  upon  acetamide  or  ammonium  acetate  with  phosphorus 
pentoxide,  water  and  aeetonitrile  (methyl  cyanide)  are  formed : — 

CH,  CH, 

-  I       +  H,0 
!O.NH,     CN 


i, 
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In  a  similar  manner  it  is  acted  upon  by  phosphorus  pentasul- 
phide: — 

5^^«-^  }  N  +  PA  =  5CH3.CN  +  SH^S  +  P3O, 

C,H30  \ 
Diacetamide  C-HgO  ^N.— Besides  the  reaction  mentioned  above 

HJ 
this  compound  is  also  formed  by  heating  acetonitrile  with  acetic 
acid : — 


NC.CH3  +  0 1  CO.CH3  ^  jj  j  (,q;pjj8 


It  forms  small  white  needles,  melting  at  74'' ;  its  aqueous  solution 
has  an  acid  reaction. 

C2H3O  ) 
Triacetamide  C-HjO  VN. — This  compound  is  formed,  but  slowly, 

C^,0  j 
on  heating  acetonitrile  with  acetic  anhydride  to  200® : —  % 


NC.CH.  +  0  \  pn  pw  =  Ni  CO.CH3 

I  CO.CH,  1^  pQ^(.    3 


It  has  great  resemblance  with  diacetamide,  forming  white  crystals 
melting  at  78°,  and  dissolving  in  water  to  a  neutrtd  liquid. 


SUBSTITUTI0N-l»R0DtJCT8  Olf  ACETIC  ACID. 

MonoMoracetic  Acid       ^       Hi  ^' — •""^^  ^'^  ^  ^^^  prepared  by 

passing  chlorine  into  boiling  acetic  acid  in  the  presence  of  iodine. 
It  is  also  formed  by  acting  with  chlorine  Upon  acetic  anhydride  at 
100^— 


C 
0 


'2H3O  I  o  4-  CI   -  CjHgClO  )  Q  ,  CgHgO  ) 


Monochloracetic  acid  crystallizes  in  rhombic  prisms,  melting  at  62"* 
and  boiling  at  185° ;  its  vapour  has  a  suffocating  smell,  attacking  the 
eyes.  It  has  a  sharp,  sour  taste,  and  is  very  caustic,  destroying  the 
skin,  and  is  therefore  used  for  removing  corns  and  warts.  It  is  very 
readily  soluble  and  deliquescent  in  moist  air.  The  metallic  chlorace- 
tates  crystallize  well ;  on  boiling  their  aqueous  solution  they  are 
resolved  into  a  metallic  chloride  and  glyeollic  or  oxy-acetir.  acid 
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^^         H  i  ^*     Nascent  hydrogen  easily  reduces  monochloracetic 

acid  to  acetic  acid,  and  phosphorus  trichloride  converts  it  into  monO' 

CH  d  CO  1 
chloracetyl  chloride        ^      01  f '  ^  compound  which  is  also  formed 

by  the  action  of  chlorine  upon  acetyl  chloride.  It  is  a  colouriess 
liquid,  possessing  a  pungent  and  suffocating  smell,  and  boiling 
at  105^  Water  decomposes  it  into  chloracetic  acid  and  hydro- 
chloric acid.     With  ethyl  alcohol  it  yields  ethyl  manocMoracetate 

2    '^   f  0,  a  liquid  boiling  at  143*'-5,  and  possessing  a  pleasant 

smell.     It  is  also  formed  by  passing  hydrochloric  acid  gas  into  an 

alcoholic  solution  of  monochloracetic  acid.     By  acting  on  this  ether 

CH  CI  CO  1 
with  ammonia,  monoMaracetamide         *    '  h   f  N  is  formed,  which 

is  soluble  in  water  and  crystallizes  in  shining  scales. 

IHchloracetic  Acid  ^  H  *  ^  ^  obtained  by  the  farther  action 

of  chlorine  on  monochloracetic  acid;  it  forms  colourless  crystals, 
and  boils  at  195®.     Potassium  dichloracetate  K  I  ^  crystal- 

lizes from  alcohol  in  large  silky  plates. 

Trichloracetic  Add  ti  f  0- — This  acid  can  be  obtained  in 

different  ways.  It  is  formed  when  an  excess  of  chlorine  acts  on 
acetic  acid  in  the  sunlight,  but  the  most  convenient  method  to  obtain 
it  in  large  quantities  is  to  oxidize  chloral  hydrate  (see  below)  with 
fuming  nitric  acid.  It  is  also  produced  by  heating  perchlorethyl 
oxide,  which  at  300®  is  resolved  into  hexachlorethane  C^Cl^  and  tri- 

acetyl  chloride  n\  f  •    The  latter,  in  contact  with  water,  yields 

hydrochloric  acid  and  trichloracetic  acid. 

Trichloracetic  acid  crystallizes  in  colourless  rhombohedrons  and 
boils  at  195® ;  it  is  very  caustic,  producing  blisters  on  the  skin,  and 
it  is  very  readily  soluble  in  water.  The  trichloracetates  are  well  defined 
salts  ;  lead  trichloracetate  Pb(C2Cls02)2+HjO  is  readily  soluble  in  water 
and  forms  large  rhombic  prisms;  copper  trichlorcu^etcUe  C\x(C2Clfi^ 
-f  GHgO  can  be  easily  obtained  in  large  crystals  resembling  copper 
sulphate.  On  distilling  the  ammonium  salt  with  phosphorus  pent- 
oxide,  trichloracetonitrile  CjCljN  is  formed,  a  colourless  liquid  boiling 
at  81®,  which,  by  means  of  caustic  potash,  can  be  reconverted  into 
trichloracetic  acid.  On  heating  this  acid  with  alkalis  it  splits  up 
into  chloroform  and  carbon  dioxide : — 


CCL 

=  CCljH  +  CO, 
:!0.0H 


A 
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CTdoral  or  Trichloracetaidehyde  C^CljOH  is  obtained  by  passing  diy 
chlorine  into  absolute  alcohol  as  long  as  any  action  tekes  placa 
The  final  product,  however,  is  not  chloral,  but  a  solid  compound  of 
chloral  and  alcohol  called  Moral  alcoholate,  which  is  decomposed  by 
concentrated  sulphuric  acid  into  alcohol  and  chloral : — 

CCI3.CH  1 2^^  =  CCI3.COH  +  CjP5.0H 

The  reaction  by  which  chloral  alcoholate  is  produced  is  rather  com- 
plicated. First  aldehyde  is  formed,  which  combines  with  some  of  the 
alcohol,  forming  acetal  CH3.CH(OC2H5)-,  a  compound  which  will  be 
described  imder  ethidene  compounds.  By  the  action  of  chlorine  on 
acetal,  it  is  next  converted  into  trichloriicetal,  which  by  the  hydro- 
chloric acid  produced  is  resolved  into  chloral  alcoholate  and  ethyl 
chloride : — 

CC1,.CH(0C,H5)2  +  HCl  =  CCI5.CH  {  oc  H  "^  O^fil 

V  2     6 

Chloral  is  also  formed  by  the  action  of  chlorine  upon  aldehyde ;  it 
is  a  colourless  liquid,  possessing  a  peculifkr  irritating  smell,  and  boil- 
ing at  99"".  like  common  aldehyde,  it  reduces  silver  from  an  ammo- 
niacal  solution  of  the  nitrate,  and  forms  crystalline  compounds  with 
ammonia  and  the  acid  sulphites  of  the  alkali-metals.  Hydrogen 
in  the  nascent  state  converts  it  into  aldehyde,  and  oxidizing  agents 
transform  it  into  trichloracetic  acid.  It  combines  with  water,  with 
the  evolution  of  heat,  forming  Moral  hydrate  CCl3.CH(0H)j,  white 
transparent  monoclinic  crystals  boiling  at  120'' ;  concentrated  sul- 
phuric acid  again  resolves  this  body  into  water  and  chloraL  Chloral 
also  combines  with  alcohols,  with  acetamide  and  other  amides,  and 
with  urea.  By  the  action  of  aqueous  alkalis  it  splits  up  into  chloro- 
form and  formic  acid : — 

CCVCOH  +  KOH  =  CCI3H  4-  COH.OK 

Chloral  undergoes  polymerization  on  standing  for  some  time,  meta^ 
Moral  being  formed,  a  white  porcelain-like  mass  ;  this  change  takes 
place  much  quicker  in  presence  of  a  little  sulphuric  acid.  On  heating 
metachloral  to  ISO""  it  is  again  transformed  into  chloral. 

Chloral  hydrate  is  used  as  a  very  valuable  medicine ;  it  acts  as  a 
sedative  and  antispasmodic,  producing  ansesthesia  and  a  quiet  sleep. 
By  adding  a  little  water  to  a  mixture  of  chloral  hydrate  and  potas- 
sium cyanide,  and  heating  gently,  a  violent  reaction  ensues ;  torrents 
of  hydbrocyanic  acid  escape  and  dichloracetic  acid  is  formed : — 

CCl3.CH(0H),  +  KCN  =  CHCVCO.OH  +  HCN  +  KCl 

Monohromacetic  Add  ^^  H  I  ^  ^  obtained  by  heating  together 
bromine  and  acetic  acid  in  sealed  tubes  to  150^    It  forms  colourless 
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deliquescent  crystals,  melting  below  100^  and  boiling  at  208**.  Its 
salts  are  very  unstable,  and  decompose  readily  into  a  metallic  bromide 

pTT    T>      pQ   \ 

and  glycollic  acid.    Mhyl  monobromacetate       *  f  xr    r  0,  a  colourless 

liquid,  possessing  a  very  pungent  smell,  and  attacking  the  mucous 
membranes  and  the  eyes,  is  readily  formed  by  heating  the  acid  with 
ethyl  alcohoL    By  heating  this  ether  with  potassium  iodide,  ethyl 

CH  I CO  1  . 
moniodacetate  V  g-  J-  0  is  formed,  an  oily  liquid  with  a  very  irri- 
tating smeU.  This  body  is  easily  decomposed  by  baryta-water ;  by 
treating  the  barium  salt  thus  obtained  with  siQphuric  acid,  mxm- 
iodacetic  acid  is  set  free,  which  crystallizes  in  colourless,  non-deli- 
quescent plates.  It  melts  at  82°,  undergoing  partial  decomposition ; 
on  heating  it  stronger  it  is  entirely  destroyed,  carbonization  taking 
place.  When  this  acid  is  heated  with  concentrated  hydriodic  acid, 
iodine  is  set  free  and  acetic  acid  is  formed  : — 

C2H3IO2  +  HI  =  C^H.O,  +  I, 

This  reaction  explains  why  it  is  not  possible  to  substitute  hydrogen 
directly  by  iodine  in  acetic  acid. 

pTT"D_     PO  1 

Dibromacetic  Acid  ^  tt  f  0  is  a  colourless  liquid,  boiling  at 

225°,  which  is  obtained  by  heating  four  molecules  of  bromine  with 
one  molecule  of  acetic  acid.  It  can  be  easily  transformed  into  di- 
iodacetic  a^cid,  which  is  sparingly  soluble  in  wat^r,  and  forms  white 
crystals. 

Tribramacetic  Add        ^^  h  I  ^  crystallizes  in  shining   tables, 

melting  at  130°  and  boiling  with  partial  decomposition  at  245^  It  is 
obtained  by  the  action  of  nitric  acid  upon  bromai  C^BrjOH,  a  liquid 
resembling  chloral,  boiling  at  172°,  and  produced  by  acting  with  dry 
bromine  upon  absolute  alcohoL 

Cyanacetic   Acid  ^^2(CN)C0 1  q  _rp^  prepare  this  add,  ethyl 

monochloracetate  is  heated  with  an  aqueous  solution  of  potassium 
cyanide  for  some  time ;  the  liquid  is  then  neutralized  with  sulphuric 
acid  and  evaporated.  The  residue  is  acidulated  with  dilute  sulphuric 
acid  and  e^austed  with  ether.  On  evaporating  this  solution  the 
crude  acid  is  left  behind ;  to  purify  it  the  lead  salt  is  prepared  by 
treating  the  acid  with  water  and  lead  carbonate,  and  the  repeatedly 
recrystallized  salt  decomposed  with  hydrogen  sulphide.  Cyanacetic 
acid  forms  yellowish  crystals ;  its  salts  are  readily  soluble  m  water, 
with  the  exception  of  the  mercuric  and  the  silver  salt. 

Cyanacetic  acid  is  a  monobasic  acid  as  well  as  nitrile ;  on  heating 
it  with  an  alkali,  bibasic  malonic  acid  is  formed : — 


^^  {  CO.OH  +  ^^«^  "  ^^«  {  CO'.OH  +  ^ 


v*2. 
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SUBSTITUTION-PEODUCTS  OF  ACETONITBILB. 

The  compounds  to  be  described  here  have  never  been  produoed 
from  acetonitrile ;  that  they  nevertheless  are  derivatives  of  this  com- 
pound is  shown  by  their  reactions.  The  starting-points  for  these 
bodies  are  the  so-called  fiUminates,  compounds  whicn  are  polymeric 
with  the  cyanates,  and  which  are  salts  of  the  xmknown  fulminic  aeid 
or  nitro-acetonitrile  CN.C(N02)H2. 

Silver  Fulminate  CN.C(N'02)  Ag^. — To  prepare  this  body,  one  part  of 
silver  is  dissolved  in  twenty  parts  of  nitric  acid  (specific  gravity  1-36) ; 
twenty-seven  parts  of  spirits  of  wine  (containing  86  per  cent.)  are 
added,  and  the  mixture  is  heated  until  gentle  ebullition  begins,  when 
again  the  same  quantity  of  spirits  of  wine  is  added.  On  cooling, 
fulminating  silver  crystallizes  out  in  white  needles,  sparingly  soluble 
in  cold,  but  more  reaidily  in  hot  water.  It  is  a  very  dangerous  body, 
on  account  of  its  highly  explosive  properties.  In  preparing  it,  or 
in  working  with  it,  great  precaution  has  to  be  observed,  as  it  easily 
decomposes,  even  in  the  moist  state,  with  a  most  fearful  detonation. 
The  formation  of  this  compound  is  explained  by  the  following 
equation : — 

C^HeO  +  2AgN03  +  N^  =  C2(N02)NAg,  +  2HNO3  +  2H,0 

The  nitrogen  trioxide  necessary  for  this  reaction  is  furnished  by 
the  action  of  nitric  acid  upon  alcohol  Fulminating  silver  is  conse- 
quently also  produced  if  nitrogen  trioxide  be  passed  into  an  alcoholic 
solution  of  silver  nitrate.  'WTien  potassium  chloride  is  added  to  a 
boiling  solution  of  silver  fulminate  the  double  salt  C2(N02)NAgK 
crystallizes  on  evaporating  the  filtrate ;  it  forms  silvery  snining  scales, 
and  decomposes  on  the  application  of  heat  with  a  violent  explosion. 
Nitric  acid  produces  in  a  solution  of  this  salt  a  white  precipitate  of 
acid  silver  fulminate  02(^02)  NAgH. 

Mercuric  Fulminate  CN'.C(N'02THg  is  prepared  on  the  large  scale 
by  dissolving  one  part  of  mercury  in  twelve  parts  of  pure  nitric  acid 
(specific  gravity  1*36),  and  adding  twelve  parts  of  spirits  of  wine,  when 
a  violent  reaction  sets  in,  which  is  kept  in  check  by  adding  gradually 
more  alcohoL  First,  the  liquid  blackens  by  the  separation  of  metal- 
lic mercury,  which,  however,  soon  disappears  again.  On  cooling,  the 
fulminating  mercury  separates  as  a  crystalline  powder.  It  is  nearly 
insoluble  in  cold  water;  from  a  boiling  solution  it  is  obtained  in 
white  prismatic  crystals.  When  kindled  in  the  open  air  it  bums 
away  like  gunpowder,  but  by  percussion  it  is  decomposed  with  a 
violent  detonation ;  it  is  used  for  filling  percussion-caps.  On  heating 
it  with  water  and  zinc  or  copper,  zinc  fulminate  (^^(NOJNZn,  or 
copper  fulminate  Cj(NOj)NCu  are  obtained,  both  crystaJline  and 
soluble  salts. 
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Hydrogen  sulphide  decomposes  the  fulminates  with  the  forma- 
tion of  a  metallic  sulphide,  carbon  dioxide,  and  ammonium  sulpho- 
cyanate : — 

CKC(N02)Hg  +  2H2S  =  HgS  4-  CO2  +  CKSNH, 

Chlorine  yields  with  fulminates  a  metallic  chloride,  cyanogen  chlo- 
ride, and  chloropicrin : — 

CN.C(N02)Hg  +  SClj  =  HgCl^  -f  CNCl  +  C{N02)Cl3 

Bromine  decomposes  a  part  of  the  mercury  salt  in  a  similar  way, 
but  there  is  also  dibromonitro-acdonitrile  CN.C{N02)Br2  formed,  large 
colourless  crystals,  possessing  a  most  irritating  smell,  like  chloropicnn. 

Iodine,  however,  simply  replaces  the  mercnry,  di'iodonitro'aceionitrile 
CN.C(N02)l2  being  formed,  crystallizing  from  ether  in  large  mono- 
clinic  prisms,  melting  with  slight  decomposition  at  86°. 

FiUminuric  Acid  CjHgNgOg. — ^This  acid,  formerly  also  called  iso- 
cyanuric  acid,  is  produced  when  mercuric  fulminate  is  boiled  with  a 
concentrated  solution  of  an  alkaline  chloride.  By  using  potassium 
chloride,  the  solution  yields  on  cooling  a  cufdy  precipitate,  a  com- 
pound of  potassium  fulminate  with  mercuric  chloride,  which  is  de- 
composed by  hydrogen  sulphide.  The  filtrate  leaves  on  evaporation 
the  potassium  salt ;  on  adding  sugar  of  lead  to  its  solution  a  white 
precipitate  of  lead  fulminurate  is  obtained,  which,  when  decomposed 
by  hydrogen  sulphide,  yields  the  free  acid.  Fulminuric  acid  is  a 
crystalline  solid,  very  soluble  in  water  and  possessing  a  strongly  acid 
taste.  It  is  monobasic ;  its  salts  are  mostly  soluble,  and  crystallize 
well ;  on  heating  they  decompose  with  a  slight  explosion.  The  con- 
stitution of  this  acid  is  not  quite  understood ;  its  formation  from  a 
fulminate  is  explained  by  the  following  equation: — 

2C2(N02)NH2  +  H2O  -  C3(N02)N2H30  +  NH,  +  CO, 

On  introducing  a  fulminate  gradually  in  small  quantities  into  a 
mixture  of  concentrated  sulphuric  acid  and  nitric  acid,  trinitro- 
acetonitrUe  CS.CQfO^^  a  crystalline  mass,  resembling  camphor,  is 
obtained,  which  is  decomposed  by  water  with  the  formation  of  am- 
monia, carbon  dioxide,  and  nitroform  (see  page  102).  The  formation 
of  trinitroacetonitrile  is  explained  by  the  following  equation : — 

C3(N02)N2H80  +  2NO2.OH  =  CN.CCNOj),  +  CO,  -f  NH,  +  HjO 

By  acting  with  hydrogen  sulphide  on  this  compound,  the  ammo- 
nium salt  of  dinitrocuxtanitrile  CS.C(SO^fi  is  formed : — 

CN.C(NO^,  +  4H^  -  CN.C(NO02NH,  +  2H,0  +  4S 

By  adding  an  acid  to  the  ammonium  compound,  dinitroacetonitrile 
separates  out.  It  forms  large  colourless  crystals,  and  is  a  monobasic 
acid,  the  hydrogen  being  easily  replaced  by  metals.  The  silver  Siilt 
is  as  explosive  as  silver  lulminatp. 
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PROPYL-GROUP. 

Primary  Propyl  Alcohol  C3H7.OH  occura  in  small  quantities  in. 
the  fusel-oil  of  beetroot  spirit,  corn  spirit,  and  cognac.  To  isolate 
it  the  fusel-oil  is  subjected  to  fractional  distillation,  and  the  por- 
tion boiling  between  80°  and  105"  collected  separately.  This  is  a 
mixture  of  ethyl,  propyl,  and  isobutyl  alcohols,  which  cannot  be 
separated  by  fractional  distillation,  as  their  boiling-points  are  too 
close  together. 

Boiling-point. 

Ethyl  Alcohol 78^-4 

Propyl  Alcohol 97 

Isobutyl  Alcohol 108 

The  liquid  is  therefore  acted  upon  by  phosphorus  and  iodine  or 
bromine,  to  obtain  the  iodides  or  bromides,  the  boiling-points  of  which 
differ  much  more,  so  that  it  is  easy  to  obtain  pure  compounds  by  frac- 
tional distillations.    The  boiling-points  of  these  compounds  are : — 

Ethyl  Iodide    ...      72^     Ethyl  Bromide  ...      39** 
Propyl  Iodide  .    .    .     102      Propyl  Bromide     .    .      71 
Isobutyl  Iodide     .    .     121       Isobutyl  Bromide  .    .       92 

The  bromide  or  iodide  of  propyl  is  next  heated  in  sealed  tubes 
with  concentrated  acetic  acid  and  potassium  acetate,  and  the  propyl 
acetate  thus  formed  is  converted  into  the  alcohol  by  heating  it  with  a 
solution  of  potash.  On  distillation,  aqueous  propyl  alcohol  is  ob- 
tained, which  may  be  rendered  anhydrous  by  a  similar  method  to  that 
by  which  absolute  alcohol  is  obtained. 

Propyl  alcohol  has  also  been  obtained  by  synthesis  from  ethyl 

alcohol.    It  is  a  light  colourless  liquid,  resembling  common  alcohol ; 

on  oxidation  it  yields  propionaldehyde  CjH^O,  a  liquid  boiling  at  50"*, 

emd  propionic  sdcid, 

C  H  O  ) 
Propionic  Add    «    tt  i  ^  ^^  ^®®*  prepared  by  boiling  propiouitrile 

with  an  alcoholic  solution  of  caustic  potash  as  long  as  ammonia  is 
given  off.  The  solution  is  then  evaporated,  and  the  residue  distilled 
with  diluted  sulphuric  acid.  Propionic  acid  is  a  colourless  liquid 
boiling  at  140°,  and  having  an  acid  smell.  It  mixes  with  Water  in 
all  proportions,  but  by  adding  calcium  chloride  to  the  aqueous  solu- 
tion, the  acid  separates  as  a  light  oily  layer.  From  this  property 
its  name  has  been  derived,  being  the  first  member  of  the  series 
showing  the  properties  of  a  fat  {irp&rov  iriov).  Amongst  the  salts, 
lead  propionate  Pb(C8H502)2  is  most  characteristic ;  it  is  very  soluble 
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in  water,  and  does  not  ciystallize,  but  dries  up  into  an  amorphous 
gum-like  mass. 

CH  } 

Secondary  Propyl  Alcohol,  or  Dimethyl  Carbinol  p-rr^  ?•  CH .  OH,  also 

called  isopropyl  alcohol,  may  be  obtained  from  the  primary  alcohol  by 
heating  it  with  an  excess  of  concentrated  sulphuric  acid,  by  which  it 
is  decomposed  into  water  and  propene  CJ3^.  This  gas  is  absorbed 
by  shaking  it  with  cold  sulphuric  acid,  and  isopropyl  sulphuric  add  is 
formed,  thus : — 


CH, 

CH  + 

li 
CH, 


H  }  SO.  =  gl;>CH  I  so^ 


which  on  boiling  with  water  is  decomposed  into  sulphuric  acid  and 
the  secondary  idcohol.  To  obtain  it  in  larger  quantity,  it  is  best 
to  act  on  its  iodide  with  silver  salts,  and  to  decompose  the  ethers 
thus  formed  with  caustic  potash. 

Dimethyl  carbinol  is  a  colourless  liquid  with  a  vinous  smell,  boiling 
at  84"".  It  mixes  with  water  in  all  proportions,  and  forms  a  hydrate 
2C^Lfi  -H  HjO,  which  boils  without  decomposition  at  78*,  and  has 
thus  the  same  composition  and  boiling-point  as  ethyl  alcohoL  On 
heating  it  with  the  hydracids  of  the  chlorine  elements,  the  secondary 
chloride,  bromide,  and  iodide  are  obtained. 

CH   ) 
Jsopropyl  Iodide  qtt^  j-  CHI  is  also  formed  by  the  direct  combina- 
tion of  propene  and  hydriodic  acid,  but  is  best  prepared  by  heating 
glycerin  C3H3O3,  a  triad  alcohol,  with  an  excess  of  fuming  hydriodic 
acid: — 

CH-OH  CH. 

'  -    =    A: 


CHOH  +  SHI      =      CHI  +  3H.0  +  2L 

I 
H,OH  CH, 


A 


It  is  a  heavy  colourless  liquid,  boiling  at  89*.     When  it  is  heated 
with  water  and  silver  oxide,  isopropyl  alcohol  and  isopropyl  ether 

/^^^^r^u  \  0 — a  light  mobile  liquid  with  an  ethereal  smell  and  boil- 

ing  at  60° — are  formed. 

On  bringing  the  iodide  together  with  water  and  hydrochloric  acid, 
propane  CgHg  is  evolved,  a  gas  burning  with  a  luminous  flame. 
When  acted  upon  by  chlorine  in  diffused  daylight,  it  yields,  besides 
other  substitution-products,  primary  propyl  chloride.  This  trans- 
formation from  the  secondary  to  primary  propyl  compounds  takes 
place  according  tq  the  following  equations  ;-^ 
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(1)  CH3  CH, 
CHI  +  Hj  =      CH,  +  HI 

CH3  CH3 

(2)  CH3  CH3 

I  I 

CH,  4-  CI,  =      CH,  +  Ha 


CH,( 


CH,  CH,C1 

By  this  reax^tion,  and  those  before  described,  we  are  therefore  able 
to  transform  the  primary  propyl  compounds  into  secondary  ones,  and 
vice  versd. 

Cyanides  of  IsopropyL — By  heating  isopropyl  iodide  with  an  alco- 
holic solution  of  potassium  cyanide,  isobutyronitrile  ^g  j-  CH.CN  is 

ormed,  together  with  the  isomeric  isopropylcarhamine  J^  >  CH.NC, 

which  may  be  obtained  in  larger  quantities  by  treating  silver  cyanide 
with  isopropyl  iodide.  This  compound  boils  at  87*,  and  has,  like  all 
carbamines,  a  most  penetrating  unpleasant  smell;  its  vapour  produoes 
an  unbearable  bitter  taste  in  the  throat.  When  heated  with  aqneous 
hydrochloric  acid  for  a  few  hours  to  140^  it  yields  formic  acid  and 

isopropylamine  p^  J-  CH.NH,,  a  mobile  liquid  having  an  ammo- 

niacal  and  sweetish  smell,  and  boiling  at  32^ 

CH  ) 
Acetone,  Dimethylketone  q^  >  CO. — On  adding  a  cold  diluted  solu- 
tion of  chromic  acid  to  isopropyl  alcohol,  it  is  oxidized  to  acetone, 
which    is    also    obtained   by  acting  on   zinc-methyl    with    acetyl 
chloride : — 

2C0  {  ci[,  +  Z-*  {  0^  =  ^"^Cl,  +  2C0  {  gg 

The  best  method,  however,  to  obtain  it  in  laige  quantities,  ia  bj 
the  distillation  of  calcium  acetate : — 

?^»  CH, 


Ah,  ^°» 


It  is  also  formed  when  the  vapour  of  acetic  acid  is  passed  through 
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a  red-hot  tube,  and  further,  by  the  destructive  distillation  of  sugar, 
tartaric  acid,  wood,  &c.,  and  is  therefore  contained  in  crude  wood- 
spirit. 

Acetone  is  a  mobile  liquid,  boiling  at  56^  and  having  a  pleasant 
smelL  It  is  miscible  with  water,  and  combines,  like  the  aldehydes, 
with  the  acid  sulphites  of  the  alkali-metals,  forming  crystalline  com- 
pounds, which  are  but  sparingly  soluble  in  water. 

By  the  action  of  acids  on  acetone  it  loses  the  elements  of  water, 
and  yields  products  of  condensation. 

Methyl'isohvienyl  Ketone  CgHj^O,  commonly  called  mesityl  oxide, 
is  obtained  by  gradually  adding  strong  sulphuric  acid  to  acetone,  or  if 
acetone  is  left  standing  over  quicklime  for  some  time,  and  afterwards 
distilled.  It  is  a  colourless  oil,  smelling  like  peppermint,  and  boiling 
at  130®.     It  has  the  following  constitution : — 

CH3 

)>C=CH— CO— CH3 
CH3 

Besides  this  substance  another  compound,  called  acetophorone 
CgHj^O,  is  formed  by  the  above  reaction.  It  forms  yellowish  crystals, 
melting  at  28^  and  boiling  at  196^  Its  constitution  is  probably  the 
following : — 

CH.  -C=  CH— C  =CH—  CO— CH. 

II 
CHj  CHj 

When  acetone  is  heated  with  concentrated  sulphuric  acid,  mesity- 
lene  C^Hjj  is  obtained : — 

SCgH^O  =  Cfiy^  +  3H,0 

This  hydrocarbon  belongs  to  the  group  of  aromatic  compounds,  and 
is  trimethylbenzene : — 

CH, 


i 

HC        CH 
CMa — C        C — CH* 

%  / 

CH 
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BUTYL-GROUP. 


The  compounds  of  the  tetracarbon-seiies  aM  deciTatiyes  of  tlM 
following  two  paraffins  :-^- 


CH, 


CH,  CH, 

Butane     I    *  Trimethyl-methane    Cs 

I 
CH, 


From  butane,  compounds  of  primary  and  secondary  butyl  are  de- 
rived, and  from  trimethyl-metbane  primary  and  tertiary  compounds. 


DEMVATIVEB  OF  BUTjOTO. 


DieOiyl  C^H^^  is  a  colourless  and  Tery  inflammable  gas, 
I  a  luminous  name.    By  strong  pressure  or  by  cold  it  is 


BuUme  or 
burning  with 

condensed  into  a  liquid,  boiling  at  +  l^  and  having  the  specific 
gravity  0*600  It  is  found  in  the  most  volatile  portion  of  Pennsyl- 
vanian  rock-oil,  and  in  the  distillation-products  of  cannel  and  bog- 
head coaL  To  prepare  it,  ethyl  iodide  is. heated  in  sealed  tubes  with 
the  required  quantity  of  clean  zinc,  and  with  its  own  volume  of  dry 
ether,  for  some  hours  to  100^  until  all  the  metal  has  disappeared,  half 
of  the  iodide  being  converted  into  zinc-ethyL  The  tubes  are  now 
opened  before  the  blow-pipe  to  allow  the  escape  of  any  ethane  which 
might  have  formed  by  tiie  presence  of  traces  of  moisture,  the  tubes 
are  sealed  again,  and  heated  during  some  hours  to  130^^--140\ 
After  cooling  them  in  ice- water  the  points  are  opened,  and  the  butane 
driven  out  by  gently  heating,  and  collected  in  a  gasholder. 

When  butane  is  mixed  with  an  equal  volume  of  chlorine  and  ex- 
posed to  the  light,  substitution-products  are  formed,  amongst  which 
JnUt/l  chloride  C^H^Cl  is  found. 

Normal  Bviyl  Alcohol  C^H^OH  is  easily  obtained  in  quantity  by 
dissolving  butyraldehyde  in  water,  and  ^dually  adding  liquid 
sodium  amalgam  and  an  equivalent  quantity  of  dilute  sulphuric 
acid.  On  distilling  the  product,  butyl  alcohol  passes  over  with  the 
first  portion  of  the  distillate,  and  by  repeating  this  operation  a  con- 
centrated aqueous  solution  is  obtained,  from  which  on  adding  potas- 
sium carbonate,  the  alcohol  separates  out  as  a  light  layer.  To  remove 
the  water  still  adhering,  the  liquid  is  first  dried  over  fused  potassium 
carbonate,  and  then  over  caustic  baryta^  or  is  repeatedly  distilled  over 
small  quantities  of  sodium. 
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Normal  butyl  alcohol  is  a  limpid,  mobile  liquid,  having  a  vinous 
smell,  and  boiling  at  116°. 

Butyl  Chloride  C^H^Cl  is  prepared  by  saturating  the  alcohol  with 
gaseous  hydrochloric  acid,  and  heating  this  solution  together  with 
some  concentrated  aqueous  acid  to  100  until  the  liquid  has  separated 
into  two  layers,  the  upper  one  of  which  consists  of  the  chloride.  It 
is  a  colourless  liquid  boiling  at  TT'^'G. 

Butyl  Iodide  C^H^I  is  best  prepared  by  acting  with  iodine  and 
phosphorus  on  the  crude  alcohol,  and  purifying  the  product  by 
fractional  distillation;  it  is  a  liquid  boiling  at  129***6. 

Butylamine  Cfi^JS^^  is  prepared  by  heating  an  alcoholic  solution 
of  butyl  chloride  with  potassium  cyanate  in  seeded  tubes  to  110'',  and 
boiling  the  solution  of  butyl  carbimide  thus  formed  with  caustio 
potash.  It  is  a  limpid  liquid,  boiling  at  75°*5,  and  having  great  re- 
semblance in  all  its  properties  to  ethylamine. 

The  essential  oil  of  the  scurvy-grasa  {CoehUaria  officinalis)  contains 

butyl  sulphocarhimide    ^pS  f  ^>  *  liquid  having  a  very  pungent  taste 

and  smell,  and  boiling  at  160**. 

CHOI 
Butyric  Acid    *    ^xr  f  0  occurs,  together  with  other  fatty  acids,  in 

butter,  and  is  also  found  in  the  fruit  of  Oingko  hilota,  in  human 
perspiration,  in  the  flesh-juice,  and  the  juice  of  different  beetles.  It 
is  best  prepared  froia  sugar,  which,  if  old  cheese  be  added  to  its 
aqueous  solution,  undergoes  fermentation  by  which  it  is  first  trans- 
formed into  lactic  acid,  and  afterwards  into  butyric  acid.  This  fer- 
mentation only  takes  place  if  the  solution  remains  neutral;  chalk 
is  therefore  added  to  neutralize  all  the  acid  formed.  The  following 
proportions  answer  well : — 3  kilograms  of  cane-sugar  and  15  grams 
of  tartaric  acid  are  dissolved  in  13  kilograms  of  boiling  water ;  a 
few  days  afterwards  120  grams  of  old  rotten  cheese,  which  has  been 
stirred  up  in  4  kilograms  of  sour  milk,  and  1^  kilogram  of  chalk 
are  added.  The  mixture  miust  be  kept  at  a  temperatiure  of  30* — 85** 
for  some  weeks.  After  about  twenty  days  the  liquid  assumes  a 
pasty  consistence,  calcium  lactate  crystallizing  out,  which  soon  dis- 
appears again,  being  converted  into  calcium  butyrate  with  the  simul- 
taneous evolution  of  carbon  dioxide  and  hydrogen : — 

2C,HeOs  =  C.HgO,  +  200,  +  2H, 

When  the  fermentation  is  finished,  a  solution  of  4  kilograms  of 
crystallized  sodium  carbonate  is  added,  the  liquid  is  filtered^  concen- 
ti-ated  by  evaporation,  and  decomposed  by  sulphuric  acid.  Butyric 
acid  separates  as  an  oily  layer,  wMch  is  dried  over  calcium  chloride 
and  rectified. 

It  is  a  odourless  liquid,  boiling  at  162^  and  possessing  a  penetrate 
ing  sour  smeU,  which  in  presence  of  ammonia  becomes  unpleasant, 
like  perspiration.  It  is  soluble  in  water,  but  separates  again  if  soluble 
salts  are  added  to  this  solution.    Amongst  the  salts  ccUcium  butyrate 
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ChO^  j-  Ca  +  HjO  is  most  characteristic,  as  it  is  more  soluble  in 

cold  than  in  hot  water,  and  thus  on  heating  its  cold  saturated  solu- 
tion it  separates  in  shining  crystalline  plates. 

On  heating  an  intimate  mixture  of  butyrate  and  formate  of  calcium 
a  distillate  is  obtained  containing  a  large  quantity  of  hUyrcUdehyde 
C.HiqO,  a  liquid  boiling  at  about  75^ 

C  H-O  1 
Ethyl  Butyrate    wh   f  0  is  obtained  by  distilling  sodium  butyrate 

9      5  J 

with  alcohol  and  sulphuric  acid.  It  is  a  colourless  liquid,  boiling 
at  11 9^  and  having  a  pleasant  smell  of  fruit ;  it  is  used  in  the 
manufacture  of  artificial  rum,  &c.  The  same  compound  is  formed 
by  the  action  of  ethyl  iodide  upon  sodacetic  ether  (see  page  140). 

CHI 

Secondary  Bviyl  Alcohol,  or  Ethyl-methyl  Carhinol  A^  \  CH.OH. — 

The  iodide  of  this  alcohol  is  obtained  by  heating  erythrite  C^H^^^O.,  a 
tetrad  alcohol,  with  concentrated  hydriodic  acid,  just  as  triaa  gly- 
cerine yields  under  the  same  circumstances  dimethyl  carbinol : — 

C.HjoO,  -f  7IH  =  C.HjI  -f  4H2O  +  31, 

The  same  iodide  is  formed  when  ethylated  monochlorethyl  oxide 
(see  page  111)  is  heated  in  sealed  tubes  with  concentrated  hydriodic 
acid: — 


AC 


CHgCl  CHj 


C2H,0.CH  +  4HI     =     CHI  +  C^H^I  +  CIH  +  H,0  +  I, 

Secondary  butyl  iodide  boils  at  119^  On  heating  it  with  concen- 
trated acetic  acid  and  silver  acetate  a  portion  of  it  decomposes  into 
hydriodic  acid  and  butene,  and  another  yields  secondary  butyl 
acetate : — 

(1)  C,H,I  +  ^«^j2}0  =  C,H3  +  AgI  +  ^«^»g}0 

(2)  CAI  +  ^«^4}0  =  cS5}°-'^^ 

Secondary  butyl  acetate  has  a  pleasant  smell  of  fruit,  and  boils  at 
111^  On  heating  it  with  caustic  potash  it  yields  ethyl-methyl 
carbinol,  a  liquid  boiling  at  99*,  having  a  vinous  smelL  When  it  is 
treated  with  a  solution  of  potassium  dichromate  in  cold  dilute  sulphuric 

CHI 
add,  it  is  oxidized  to  ethyl-viethyl  ketone   Aj^  \  CO,  a  liquid  resem- 
bling common  acetone,  and  boiling  at  81^    The  same  compound  is 
formed  by  the  action  of  acetyl  chloride  upon  zinc-ethyl : — 

2cg }  CO + c;5; }  z° = z-^ci. + 2%^^ }  CO 
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DERIVATIVES   OF  TRIMETHYL-MBTHANE. 

CH  1 

IsobtUyl  Alcohol  pjj^  >  CH.CH2.OH  occurs  in  the  same  fusel-oil  in 

which  propyl  alcohol  is  found,  and  is  present  in  a  larger  quantity. 
To  obtain  it  pure,  that  portion  which  after  repeated  fractional  dis- 
tillation boils  between  105"*  and  115°  is  by  means  of  phosphorus  and 
iodine  converted  into  the  iodide,  which  by  repeated  distillation  is 
freed  from  the  iodides  of  propyl  and  amyl. 

Isobutyl  iodide  boils  at  121''.  By  converting  it  into  the  acetate 
and  heating  this  ether  with  caustic  potash,  pure  isobutyl  alcohol 
is  obtained  as  a  colourless  liquid,  which  refracts  light  strongly  and 
smells  like  fusel-oil ;  it  boils  at  108"*. 

CH  ) 
Isohutyric  Acid  pxr^  >  CH.CO.OH  is  obtained  by  oxidizing  isobutyl 

alcohol,  and  exists  in  carob,  the  fruit  of  Ceratonia  sUiqua ;  it  boils 
at  153°,  and  smells  like  common  butyric  acid,  but  less  unpleasant. 
From  the  latter  acid  it  not  only  diflfers  by  its  lower  boiling-point,  but 
also  by  the  properties  of  its  salts.  Calcium  isobtUyrcUe  (CJI^O^Ca 
-f  3H^0  crystallizes  in  prisms  which  are  much  more  soluble  in  hot 
than  m  cold  water. 

Isobutyric  acid  has  also  been  prepared  sjrnthetically  in  two  ways. 
Its  nitrile  is  obtained  by  heating  potassium  cyanide  with  isopropyl 
iodide,  and  on  boiling  this  nitrile  with  caustic  potash  isobutyric 
acid  is  formed : — 

^^3 1  CH.CN  +  2HjO  =  ^JJs  I  CH.CO.OH  +  NH, 

Ethyl  isobutjrrate  is  formed  by  acting  with  methyl  iodide  upon 
disodacetic  ether : — 

NajCH.CO.OCjjHg  +  2CH3I  =  (CH3),CH.CO.C8H5  +  2NaI 

Isdbutylamine  (CH8)2CH.CH2.NH2  has  been  obtained  by  distilling 
a  mixture  of  potassium  isobutylsulphate  and  potassium  cyanate,  and 
treating  the  product  with  caustic  potash.  It  is  a  liquid  boiling 
at  67°. 

CH3) 

Tertiai-y  Butyl  Alcohol,  or  Trimethyl  CarUnol  CH3  >  COH. — When 

CH3  j 
one  molecule  of  zinc-methyl  is  added  gradually  to  two  molecules  of 
acetyl  chloride,  dimethyl  ketone  is  formed;  but  on  adding  tvx) 
molecules  of  zinc  methyl  to  one  of  acetyl  chloride,  the  liquid  becomes 
converted  after  a  few  days  into  white  crystals,  which  are  formed  by 
the  addition  of  zinc-methyl  to  acetone,  in  a  similar  maimer  to  that 
in  which  acetone  combines  with  one  molecule  of  hydrogen  : — 

CH^COCl  +  2g| }  Zn  =  <^^f^  }  0  +  ^?f  }  Zn 
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The  same  ciystalline  compound  is  obtained  by  the  action  of 
carbonyl  chloride  npon  zinc-methyL  By  water  it  is  decomposed^ 
marsh-gas  is  evolved,  and  trimethyl  carbinol  is  formed,  the  monad 
group  ZnCH,  being  replaced  by  hydrogen : — 

^C^n}^  +  2H,0  =  <^^^  }0  +  CH,  +  Zn(OH), 

In  order  to  isolate  the  alcohol  the  liquid  is  distilled,  and  to  the 
distillate  potassium  carbonate  is  added,  by  which  the  alcohol  sepaxates 
as  a  light  layer,  which  must  be  dried  over  calcium  chloride  and 
rectified.  If  quite  anhydrous  it  forms  colourless  crystals ;  it  melts  at 
25^  and  boils  at  82°*5 ;  its  smeU  reminds  one  at  the  same  time  of  alco- 
hol and  of  camphor.  By  passing  hydriodic  add  gas  into  well-cooled 
trimethyl  carbinol,  tertiary  butyl  iodide  (CHJ2CH.CH3I  is  obtained,  a 
heavy  colourless  liquid  boiling  at  99^  which  in  contact  with  moist 
silver  oxide  is  again  transfonned  into  the  alcohoL  If  the  iodide  is 
acted  upon  by  sUver  acetate  and  acetic  acid,  the  acetate  of  tertiary 
butyl  is  obtained,  a  colourless  liquid  which  smells  like  acetic  acid 
and  peppermint,  and  boils  at  96^ 

In  presence  of  zinc  and  water  the  iodide  is  converted  into  trimethyl-' 
methane  CH(CHj)5,  and  isobutene  C^Hg : — 

2CI        +Zn=CH      +      C         +  Znl, 
I  I  II 

To  separate  the  two  gases  they  are  passed  through  bromine,  which 
combines  with  the  isobutene,  whilst  the  trimethyl-methane  passes 
through  unabsorbed.  Trimethyl-methane  is  condensed  by  a  freezing 
mixture  into  a  mobile  liquid,  boiling  at  —  IT*.  When  this  hydro- 
carbon is  acted  upon  by  chlorine  it  is  converted  again  into  tertiary 
butyl  chloride,  which  is  also  formed  by  the  action  of  iodine  chloride 
upon  isobutyl  iodide. 

Isobutene  has  also  been  produced  by  heating  tertiary  butyl  iodide 
or  primary  isobutyl  iodide  with  an  alcoholic  solution  of  potash  : — 

CH3  CH,  CH3  CH, 

(1)       ^        +h}0=    ^        +KI  +  5}0 

CH3  CH, 


CHj  GH3  Olij  CH3 

(2)        OE      +h}o=     C         +KI  +  g}o 
CH,I  CH, 
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With  hydriodic  acid  isobutene  readily  combines,  forming  again 
tertiary  butyl  iodide ;  it  can  also  be  easily  transformed  into  the 
tertiary  alcohol  by  dissolving  it  in  dilute  sulphuric  acid  and  dis- 
tilling. By  means  of  this  reaction,  large  quantities  of  the  tertiary 
alcohol  may  be  obtained  from  isobutyl  alcohol  When  isobutene 
is  shaken  with  aqueous  hypochlorous  acid  the  gas  is  absorbed^  and 
isobtUene  chlorhydrate  is  formed,  which  has  the  following  confiti- 
tution : — 

CH»  CM. 

\>      ' 

CCl 


CH2.0H 

On  adding  sodium  amalgam  to  its  aqueous  solution  the  chlorine 
IB  replaced  by  hydrogen,  and  isobutyl  alcohol  is  formed. 

THmethyUarhinylamine  cr  Tertiary  Butylamine  C(CH3)gNH2. — 
When  isobutyl  iodide  is  heated  with  dry  silver  cyanate,  a  dry,  solid 
compound  of  silver  iodide  and  butyl  carbimide  is  formed ;  this,  mixed 
with  finely  divided  caustic  potash  and  heated,  gives  off  vapours  of 
trimethylcarbinylamine,  a  colourless  liquid,  boiling  at  45^ 


AMYL    OR    PENTYL-GROUP. 


Theory  points  out  the  existence  of  three  isomeric  hydrocarbons 


^6^12  :— 


Pentane. 


8 


CH 

i 

I 
CH, 

I 
CH, 


i 


Dimethyl-ethylmethane.  Tetrameth^l-methane. 


CHjCH, 

\/ 
CH 

I 
CH, 

I 
CH, 


CH, 
CH,— C— CH, 
CH, 


(1)    DBBnri.TIVSS  OF  PENTAKE. 

Pentane  CgH^  is  a  colourless  mobile  liqtiid  having  an  ethereal 
smell,  and  boiling  at  39°.  It  occurs  in  the  Ught  oils  obtained  by  the 
distillation  of  b<^head  and  cannel  coal,  and  in  American  petroleum. 
On  passing  chlorine  into  its  vapour  a  mixture  of  a  primary  and  a 
secondaiy  chloride  is  obtained,  from  which  by  a  reaction  already 
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described  primary  pentyl  alcohol  and  methyl-propyl  carbinol  can  be 
prepared. 

CHI 
Primary  Pentyl  Alcohol     ^  i^  f  0  ^^  ^^^^  ^^^  obtained  from 

pentylic  acid  by  the  same  reaction  by  which  butyric  acid  is  trans* 
formed  into  butyl  alcohol ;  it  is  a  liquid  boiling  at  137^,  and  smeUipg 
like  fusel-oil. 

Pentylic  Acid    *    jr  }- 0,  ako  called  norwiaZ  t?a/ma7iic  ooi,  has  been 

obtained  by  heating  butyl  iodide  with  potassium  cyanide,  and  boiling 

the  pentonitrile  C^Hg.CN  thus  formed  with  an  alcoholic  solution  of 

caustic  potash.    It  is  a  colourless  liquid  which  boils  at  186^ 

CH  ) 
Methyl-propyl  Carbinol  nji\  CH.OH  is  a  liquid  boiling  at  120*. 

The  iodide  of  this  secondary  alcohol  is  formed  by  combining  hydriodic 
acid  with  pentylene  or  immylene  Cj^io*  a  hydrocarbon  which  will  be 
mentioned  under  dyad  radicals.  The  secondary  pentyl  iodide  boils  at 
146"* ;  by  acting  on  it  with  silver  acetate,  the  acetic  ether  of  the 
alcohol  is  formed,  from  which  by  means  of  caustic  potash  the  alcohol 
itself  is  easily  obtained. 

On  oxidizing  it  with  a  dilute  solution  of  potassium  permanganate 

CH  1 
it  yields  methyl-propyl  ketone  p  tt^  f  CO,  which  has  also  been  prepared 

by  distilling  a  mixture  of  calcium  butyrate  and  sodium  acetate.  It 
is  a  liquid  having  a  fragrant  smeU,  and  boiling  at  103®. 


(2)   DERIVATIVES   OF  DIMETHYL-ETHYLMETHANE. 

The  compounds  which  belong  to  this  group  have  been  known  for  a 
long  time,  and  are  well  investigated.     The  starting-point  for  them  is 

the  prim/iry  amyl  alcohol  CH-<  x  tt^v^tt,  which  occurs  in  most  fusel- 
oils,  and  forms  the  chief  portion  of  those  from  com  and  potato  spirit. 
Its  name  is  derived  from  this  circumstance,  amylum  being  the  Latin 
name  for  starch. 

It  can  easily  be  isolated  by  fractional  distillation,  and  is  a  colourless, 
somewhat  oily  liquid,  which  boils  at  132'',  and  possesses  a  penetrating 
unpleasant  smell.  At  —  20°  it  solidifies  into  a  crystalline  mass. 
Amyl  alcohol  turns  the  plane  of  the  polarized  light  to  the  left,  but 
the  rotating  power  of  different  samples  varies  very  much ;  the  cause 
of  this  is,  that  common  amyl  alcohol  is  a  mixture  of  an  optically 
active  and  an  inactive  alcohol,  in  which  generally  the  latter  pre- 
ponderates. 

These  two  modifications  can  be  separated  by  dissolving  the  alcohol 
in  concentrated  sulphuric  acid,  and  preparing  from  this  solution  the 
two  barium  amylsulphates,  which  are  separated  by  repeated   re- 
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crystallization,  that  derived  from  the  inactive  alcohol  being  much 
more  soluble  in  water  than  the  other.  To  reconvert  these  two  salts 
into  the  alcohols,  they  are  first  transformed  into  the  sodium  salts,  and 
then  distilled  with  dilute  sulphuric  acid. 

The  two  amyl  alcohols  differ,  not  only  by  their  physical,  but  also  by 
their  chemical  properties.  Thus  whilst  the  inactive  alcohol  yields  on 
oxidation  only  valerianic  acid,  the  active  one  also  gives  some  acetic 
acid  and  carbon  dioxide. 

Amyl  Chloride  CgHj^Cl,  a  colourless  liquid  boiling  at  102",  has  been 
prepared  by  heating  amyl  alcohol  with  hydrochloric  acid. 

Amyl  Bromide  CgHjjBr  is  best  prepared  by  acting  upon  amyl  alcohol 
with  phosphorus  and  bromine  ;  it  boils  at  121°.  Amyl  iodide  CgHuI 
is  obtained  in  a  similar  way  by  using  iodine  instead  of  bromine ;  it  is 
a  heavy  liquid  which  boils  at  147°. 

If  amyl  iodide  is  brought  in  contact  with  hydrochloric  acid  and 
zinc,  or  if  it  is  heated  in  sealed  tubes  with  water  and  zinc  to  150°, 

dim^ihyUethylm^thane  CH  \  p  -rr*^*,  commonly  called  amyl  hydride,  is 

formed,  a  liquid  resembling  pentane,  and  boiling  at  30°. 

C  H    1 
Amyl  Oxide  p^xr^^  J-  0  or  diamyl  ether  is  prepared  either  by  heatin 

amyl  alcohol  with  sulphuric  acid  or  by  acting  on  sodium  amy  late  with 
amyl  iodide.  It  is  also  formed  by  heating  ten  parts  of  amyl  alcohol 
and  one  part  of  amyl  iodide  in  sealed  tubes  to  200°.  In  the  latter 
reaction  amyl  ether  and  hydriodic  acid  are  formed,  the  latter  acting 
on  the  excess  of  amyl  alcohol  to  form  amyl  iodide  again.  Thus  with 
a  small  quantity  of  the  iodide  a  large  quantity  of  the  alcohol  may 
be  converted  into  the  ether,  but  the  reaction  comes  to  an  end  after 
some  time,  the  hydriodic  acid  becoming  so  dilute  that  its  action 
ceases. 

CHI 

Ethyl-amyl  Ether ^  It  *  f  ^* — -"^'^  compound  can  be  prepared  by  a 

great  number  of  reactions.  It  is  formed  by  heating  amyl  chloride  or 
iodide  with  sodium  ethylate,  or  an  alcoholic  solution  of  caustic  potash  ; 
or  by  acting  with  ethyl  iodide  upon  sodium  amylate ;  or  l)y  either 
running  ethyl  alcohol  into  a  heated  mixture  of  concentrated  sulphuric 
acid  and  amyl  alcohol,  or  by  the  converse  process  of  adding  amyl 
alcohol  to  a  mixture  of  sulphuric  acid  and  ethyl  alcohol.  It  boils 
at  112°. 

Amyl  Nitrite  CgHuNOj  is  prepared  by  passing  nitrogen  trioxide 
into  amyl  alcohol.  It  is  a  colourless  liquid  which  boils  at  99°,  and 
possesses  in  the  highest  degree  that  peculiar  choking  smell  which 
most  amyl  compounds  exhibit ;  its  vapour,  if  inhaled  even  in  small 
quantity,  produces  palpitation  of  the  heart,  and  determination  of  the 
blood  to  the  head. 

Amyl  Nitrate  C^HuNOj. — To  prepare  this  ether,  to  a  mixture  of  one 
volume  of  common  strong  nitric  acid  and  three  volumes  of  con- 
centrated nitric  acid,  which  is  surrounded  by  a  mixture  of  ice  and 
C  M. 
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salt,  one  volume  of  amyl  alcohol  is  gradually  added,  the  liquid 
beiug  constantly  stirred  up.  The  amyl  nitrate  separates  as  a  light  oily 
layer ;  it  boils  at  148°,  and  smells  like  bugs.  The  inhaling  of  its 
vapour  produces  headache  and  choking.  • 

Amyl  Acetate  n  \j  l]\0  ^  prepared  by  distilling  sodium  acetate 

with  a  mixture  of  amyl  alcohol  and  sulphuric  acid.  It  is  a  colourless 
liquid,  which  boils  at  140'',  and  smells  like  jargonelle  peara  It  is 
used  by  confectioners  and  perfumers  under  the  name  of  "  pear  oiL" 

Amylamine  CgHji.NH-  is  a  colourless  liquid,  which  boils  at  95^  has 
an  ammoniacal  smell,  and  is  very  caustic.  It  is  soluble  in  water ;  the 
solution  has  a  strong  alkaline  reaction,  and  gives  with  metallic  salts 
the  same  reactions  as  ethylamine. 

On  adding  it  to  a  solution  of  chloroform  and  caustic  potash  in 
alcohol,  amyl  carhamine  CjHij.NC  is  formed,  a  liquid  whicn  boils  at 
137^  and  has  a  bitter  taste  and  an  intolerable  smell.  This  compound 
is  also  obtained  by  the  action  of  silver  cyanide  upon  amyl  cUoride 
together  with  its  isomeride  isocapronitrile  CgHu.CN,  which,  however, 
is  best  prepared  by  distilling  a  mixture  of  potassium  amylsolphate 
with  potassium  cyanide.  Isocapronitrile  boils  at  146^  and  has  an 
ethereal  penetrating  smell.  On  heating  it  with  caustic  potash  solu- 
tion it  yields  isocaproic  acid. 

Vakraldchyde  Gfi^Jd. — To  prepare  this  compound  a  mixture  of 
one  part  of  amyl  alcohol  and  four  parts  of  concentrated  sulphuric 
acid  is  run  slowly  into  a  retort  containing  four  parts  of  water  and 
five  parts  of  potassium  dichromate.  By  the  violent  reaction  which 
ensues  sufficient  heat  is  evolved  to  volatilize  the  aldehyde.  To  obtain 
it  quite  pure,  it  is  shaken  wuth  a  concentrated  solution  of  acid 

r  OH 

sodium  sulphite,  to  obtain  the  compound  2C5Hj(j  -}  oq  v-    +  H,0, 

which  is  pressed  between  blotting  paper  and  recrj'stallized  from  hot 
water.  On  distilling  this  compound  with  a  dilute  solution  of  caustic 
soda,  we  obtain  pure  valeraldehyde,  a  liquid  possessing  a  sufibcating 
odour,  and  boiling  at  92°'5. 

It  combines  with  nascent  hydrogen,  amyl  alcohol  again  being 
formed. 

Valerianic  Acid      *    H  f  ^  occurs  in  the  roots  of  the  common 

valerian  {Valeriana  officinalis),  and  of  Angelica  Archangelica,  in  the 
bark  and  hemes  of  the  wild  guelder  rose  ( Viburnum  opidus),  and  in 
the  train-oil  of  Delphinns  globiceps. 

From  valerian  root  it  may  be  obtained  by  distilling  the  root  with 
water;  it  is,  however,  best  prepared  by  oxidizing  amyl  alcohol,  using 
the  same  proportions  as  in  the  preparation  of  its  aldehyde,  but  con- 
necting the  vessel  with  a  reversed  condenser,  to  allow  the  aldehyde 
to  flow  back,  and  come  again  in  contact  with  the  oxidizing  mixture. 
When  the  reaction  has  ceased,  the  liquid  is  distilled,  and  the  distillate 
neutralized  with  sodium  carbonate,  when  some  amyl  valerate  which 
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has  formed  at  the  same  time  remains  undissolved.  The  sohitiou  of 
the  sodium  salt  is  evaporated,  and  the  residue  decomposed  by  dilute 
sulphuric  acid.  The  acid,  which  separates  out  as  a  light  oily  layer,  is 
dried  over  calcium  chloride  and  rectified.  Valerianic  acid  is  a  thin 
oily  liquid,  possessing  a  sour  smell  of  rotten  cheese,  and  boiling  at 
175^  It  combines  with  wat^r,  forming  a  hydrate  ^^^iqO^  +  IlgO, 
which  boils  without  decomposition. 

This  acid  has  also  been  prepared  by  synthesis,  and  is  formed  by 
heating  secondary  propyl  iodide  with  sodacetic  ether: — 

CHo  CH, 


CHJIa      Y    »  Y"8 


+  CHI      =     Nal  +  CH— CHj— CO 


Hg  CHj 


i: 


k}" 


C2--6 


Ethyl  valerate  is  thus  obtained,  which  is  easily  decomposed  by 
alkalis. 

Another  synthesis  consists  in  distilling  sodium  isobutylsulphate 
with  potassium  cyanide,  by  which  reaction  valeronitrile  CgH^N  is 
formed,  which,  on  heating  with  caustic  potash,  yields  potassium 
valerate.  Most  of  the  salts  of  valerianic  acid  are  soluble  in  water  , 
in  the  dry  state  they  are  odourless,  but  in  the  moist  state  they  smell 
of  the  acid. 

Zinc  Valerate  (G^HgO^^Zn  forms  scaly  crystals,  and  is  not  very 
readily  soluble  in  water,  but  dissolves  easily  in  alcohol :  it  is  used  in 
medicine. 

Stiver  Valerate  CgHgO^Ag  is  a  white  precipitate,  which  can  be  re- 
crystallized  from  boiling  water. 

C  H  0"1 
Amy  I  Valerate  A  ^     VO  iB  obtained,  besides  valerianic  acid,  by  the 

oxidation  of  amyl  alcohol.  It  is  a  liquid,  boiling  at  188°,  and  possess- 
ing an  odour  like  apples.  It  is  used  by  confectioners,  and  called 
*'  apple  oil." 

The  amyl  alcohol  possessing  rotating  power  yields  on  oxidation, 
besides  some  carbon  dioxide  and  acetic  acid,  a  valerianic  acid,  which 
differs  from  that  just  described  in  different  w^ays.  It  is  optically 
active,  turning  the  plane  of  polarized  light  to  the  right,  whilst  the 
alcohol  turns  it  to  the  left.  The  same  acid  is  formed  by  the  putrefac- 
tion of  albuminous  substances,  and  is  therefore  found  in  old  cheese. 
It  boils  at  170^and  forms  salts  which  have  the  same  composition  and 
properties  as  those  of  the  inactive  acid,  with  the  exception  of  the 
barium  salt,  which  does  not  crystallize,  but  dries  up  to  an  amorphous 
mass,  whilst  that  of  the  inactive  acid  crystallizes  easily  in  large  plates. 

Secondary  Amyl  Alcohol  ^^'^^"^^^^^i^Yi.Oll,  or  MethyUisopropyl 

CarWno/.— When  amyl  alcohol  is  heated  with  zinc  chloride,  water 
and  amyleve  C^Hjo  are  formed.  This  hydrocarbon  combines  with 
fuming  iiNdriodic  acid,  and  vields  secondary  amyl  iodide  ;  — 

M  2 
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CH3  CH, 


CH  -CH=CH2  +  IH      =      CH-CI— CH, 

CH3  CH, 

This  iodide  boils  at  130° ;  by  acting  on  it  with  silver  salts  a  portion 
splits  up  into  amylene  and  hydriodic  acid^  whilst  another  portion 
yields  compound  ethers. 

The  acetate,  which  boils  at  125^  possesses  an  ethereal  smell,  quite 
different  from  that  of  the  primary  acetate. 

When  the  iodide  is  acted  on  by  silver  oxide  and  water,  besides  a 
little  amylene,  the  secondary  alcohol  is  obtained,  boiling  at  108**  and 
possessing  a  smell  quite  different  from  that  of  fusel-oiL  It  is  some- 
times called  amylene  hydrate,  from  the  fact  that  on  heating  it  to  200** 
it  splits  up  into  water  and  amylene. 

By  the  action  of  silver  cyanide  upon  the  secondary  iodide,  the  cor- 
responding carbimide  is  formed,  which  when  distilled  with  an  alkali 
yields  isamylamine,  which  is  isomeric  with  amylamine : — 

Amylamine.  Isamylaminc. 

CH«  CHo  CU«  CH« 

\>  \>  ' 

CH  CH 


I 

CHsj  CH.NHj 


i 


CH2.NH2  CH3 

Isamylamine  boils  at  785°,  and  has  an  ammoniacal  smell;   it  is 
soluble  in  water,  and  is  as  strong  a  base  as  amylamine. 

Ethyldiinethyl  CarUnol    n  |t^  ?-  COH.— This  tertiary  amyl  alcohol 

has  been  obtained  from  zinc-methyl  and  propionyl  chloride.  It  is  a 
thick  liquid,  boiling  at  100°,  and  yielding  on  oxidation  only  acetic 
acid. 


TETRAMETHYL-METHANE  C(CH3)^ 

is  formed  by  acting  with  zinc-methyl  upon  tertiaiy  butyl  iodide: — 

2C(CH3)3l  +  Zn(CH3)2  =  2C(CH3),  +  Znl^ 

It  has  also  been  prepared  by  the  action  of  zinc-methyl  upon  pro- 
pidene  dichloride  (CH3)2CCl2,  a  compound  which  is  obtained  by 
treating  acetone  (CH3)2CO  with  phosphorus  pentachloride.  It  boils 
at  9°'5,  and  solidifies  at  —  20°  to  a  white  mass. 

Tertiary  Valerianic  Acid  C(CH3)3C02H,  or  Trimethylacetic  Acid,— 
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This  acid  has  been  obtadned  by  treating  tertiary  butyl  iodide  with 
mercuric  cya^de,  and  decomposing  the  nitrile  thus  formed  with 
alcoholic  potash.  The  pure  acid  boils  at  161°,  and  solidifies  on  cool- 
ing to  a  glassy  mass  mixed  with  crystals,  melting  at  35°  It  has  a 
pungent  acid  taste,  and  a  faint  sour  smell.  The  corresponding  alcohol 
IS  not  known. 


HEXYL  GROUP. 

Four  paraffins  having  the  formula  CgH^^  are  known : — 

HexftDC.               Dimethyl-  Tetramethyl-  Trimethyl- 

propylmethane.                  ethane.  ethylmethane. 

CH,             CH3CH3  CH3CH.  CH, 

CH,                CH                     Ch  H3C-C-CH3 

I                      1^                      '  »  » 


CH,  CH,  CH  CH, 


/\ 
CH,  CH,  CH3CH3  CH, 


i 


CH.  CH3 

I 
CR 


3 


(1)   DERIVATIVES  OF  HEXANE. 

Hexane,  or  Hexyl  Hydride. — This  hydrocarbon  occurs  in  the  light 
oils  obtained  in  the  destructive  distillation  of  boghead  and  cannel  coal, 
and  in  large  quantities  in  Pennsylvania  petroleum.  Pure  hexane  is 
also  formed  by  acting  upon  propyl  iodide  with  sodium,  or  by  treating 
the  secondary  hexyl  iodide  with  zinc  and  hydrochloric  acid.  By 
passing  dry  chlorine  g£is  into  the  vapour  of  boiling  hexane  a  mixture 
of  primary  and  secondary  propyl  cliloride  is  formed,  fron^  which,  by 
heating  with  glacial  acetic  acid  and  potassium  acetate,  the  acetic 
ethers  are  obtained.  On  treating  these  acetates  with  an  alcoholic 
solution  of  caustic  potash  the  alcohols  are  formed,  which  cannot  be 
completely  separated  by  fractional  distillation,  as  the  diflference  be- 
tween their  boiling-points  is  only  15°. 

C  H    1 
Primary  Hexyl  Alcohol    ®  ^  f  0. — The  essential  oil  of  Heracleum 

giganteum  consists  chiefly  of  a  mixture  of  hexyl  butyrate  and  octyl 
acetate.  By  saponifying  these  ethers  with  caustic  potash  the  alcohols 
are  set  free,  and  can  easily  be  separated  by  distillation.  Hexyl  alco- 
hol boils  at  157°,  and  possesses  a  pleasant  aromatic  odour.  Hexyl 
iodide  CgHigl  is  a  heavy,  colourless  liquid,  boiling  at  179°-5.     The 
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actitato  ^1  Vr  /?  > possesses  a  pleasant  smell  like  fruit;  it  boILs  at 

Nunnal  Hexi/Uc  or  dvproic  Acid    ®    ^Vr  !-  0  is  obtained  by  oxidix- 

ing  the  alcoliol,  and  has  also  been  obtained  from  its  nitrile  or  butyl 
cyanide.  It  is  an  oily  liquid,  possessing  a  pungent  and  sudorific 
smell,  and  boiling  at  205''.  It  occurs  in  plants,  as  in  Satyriwm  hir- 
cinum  and  in  the  fruit  of  Gingko  hiloha.  Cocoa>nut  oil,  as  well  as 
butter,  contain  caproic  acid  besides  caprylic  and  capric  acids.^  Caproic 
acid  has  also  been  found  in  human  perspiration  and  in  crude  butyric 
acid  obtained  by  fermentation. 

To  obtain  the  three  acids  from  cocoa-nut  oil,  it  is  saponified  with 
caustic  soda  and  the  soap  distilled  with  dilute  sulphuric  acid ;  the 
volatile  acids  distil  over,  whilst  non-volatile  fatty  acids  remain 
behind. 

Secondary  Ile.njl  Alcohol^  or  Melhyl-JnUyl  Carbinol  n  h!  f  CH.OH. — 

The  iodide  of  this  alcohol  is  formed  by  heating  mannite  CgHg(OH)j 
with  an  excess  of  fuming  hydriodic  acid : — 

CeHg(OH)g  +  llHI  =  C^HijI  +  6Rfi  +  51, 

In  preparing  it  amorplious  phosphorus  is  added  to  the  mixture,  by 
means  of  which  the  free  iodine  is  re-converted  into  hydriodic  acid. 
The  iodide  boils  at  1655**;  when  it  is  treated  with  silver  oxide  and 
water  it  yields  the  alcohol  besides  hexene  CgHu  and  secondary  hexyl 

(1)  CeHi3l+    AgOH  =  CeH,,0  +  Agl 

(2)  CeH,3l+    AgOH  =  CeH,2  +  Agl -^  H,0 

(3)  2CeH,3l  +  2AgOH  =  g«^i3  J  q  +  2AgI  +  H^O 

Methyl-butyl  carbinol  boils  at  137"*,  and  yields  on  oxidation — 

CIT  ) 
Methyl-butyl  Ketone  q  y^  f  CO,  a  mobile  liquid,  boiling  at  127^ 

which  by  further  oxidation  splits  up  into  acetic  acid  and  butyric 
acid:  the  same  products  are  obtained  by  oxidizing  the  alcohol  pre- 
pared from  hexane. 

(2)   DERIVATIVES   OP  DIMETHYL-PROPYLMETHANB. 

rcH, 

Dvmthyl'propylmethane   CH-(  CHo  is  obtained  by  the  action  of 

^  C3H7 
sodium  upon  a  mixture  of  ethyl  iodide  and  isobutyl  iodide,  and  has 

^  The  names  of  these  three  a^^ids  are  derived  from  capra  the  goat,  as  they  were  fint 
found  in  butter  from  goat's  milk,  and  also  because  th^  possess  the  peculiar  smeU  of 
the  goat. 


IcoH.— : 
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therefore  been  called  ethyl-isobutyl.  It  boils  at  62^  No  derivatives 
have  been  obtained  directly  from  this  hydrocarbon,  but  there  exists  a 
hexyl  alcohol  in  the  fusel-oil  from  the  marc  of  grapes,  which  most 
probably  has  a  similar  constitution  as  amyl  alcohol,  and  appears 
to  be  a  derivative  of  dimethyl-propylmethane.  This  isohexyl  cdcohol 
boils  at  151°. 

By  acting  with  caustic  potash  on  isocapronitrile  (amyl  cyanide) 
isocaproic  acid  (CHgjgCjHg.COgH  is  formed,  which  for  a  long  time 
was  believed  to  be  identical  with  the  normal  caproic  acid ;  it  has 
similar  properties,  but  boils  at  199^ 

CH3 

DimeihyUpropyl   Carhinol    CH3  J-COH. — This  tertiary  alcohol  is 

formed  by  the  action  of  zinc  methyl  upon  butyryl  chloride ;  it  is  a 
thick  colourless  liquid,  boiling  at  115°.     Another  tertiary  hexyl  alco- 

hol,  methyl'diethyl  carhinol  /rj  x|  \    r  COH,  resembling  the  latter,  and 

boiling  at  120°,  has  been  prepared  from  zinc  ethyl  and  acetyl  chloride. 


(3)   DEER^ATIVES   OF  TETRAMETHYL-ETHANE. 

TetrametUyl-ethane  or  Bi-isopropyl  C2ll2{^^3)i  ^^  formed  by  acting 
with  sodium  upon  secondary  propyl  iodide  in  presence  of  ether.  It 
boils  at  58° ;  its  derivatives  have  been  so  far  little  studied. 

Dimethyl'isopropyl  Carhinol  ,q^  .  ^h  y  COH  is  prepared  by  acting 

with  zinc-methyl  on  isobutyryl  chloride.  It  is  a  liquid  boiling  at 
112°  and  solidifying  at  —  35°  to  slender  silky  needles.  Like  other 
tertiary  alcohols  it  smells  like  camphor;  chromic,  acid  solution 
oxidizes  it  to  dimethyl  ketone. 

Methylisopropyl-acetic  'Acid  x^tt  n  pjl  f  CH.COjH.— The  nitrile  of 

this  acid  has  been  produced  by  heating  secondary  amyl  iodide  with 
potassium  cyanide.  The  free  acid  does  not  smell  so  unpleasantly  as 
the  other  caproic  acids,  from  which  it  also  differs  by  the  solubility 
and  crystalline  form  of  its  salts. 

A  fourth  isomeric  caproic  acid,  diethyl-aceiic  acid  (CjHJjCH.CO.OH, 
is  formed  by  acting  with  ethyl  iodide  upon  disodacetic  ether ;  this  acid 
must  be  considered  as  a  derivative  of  the  same  unknown  hydrocarbon 
from  which  methyl-diethyl  carhinol  is  theoretically  derived. 

TrimethyUethylmethane  ^\  r^  \i        has  been  obtained   by  acting 

with  zinc-ethyl  on  tertiary  butyl  iodide  as  a  liquid  boiling  between 
43°  and  48°. 
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HEPTYL  GROUP. 


We  know  four  isomeric  hydrocarbons  of  the  formula  C^Hj^,  viz. :— 
CH, 


CH. 

* 

I 
CH. 


CH. 

I 
CH, 


CH3  CH3 

CH, 

CH, 

\/ 

1 

1 

CH 

CH, 

CH, 

^    M  'V    ^ 

1 

CHj 

CH,    C    CH, 

CH— CH,-  CH, 

1 

CHj 

CH, 

CH, 

CH, 

1 
CH, 

CH, 

CII3 

CH3 

Heptane  occurs  in  Pennsylvania  petroleum  and  in  the  coal  tars 
containing  other  paraffins.  Pure  heptane  is  also  obtained  by  distil- 
ling azelaic  acid  CyHi^  -j  qq^H ^^^^  oaustic  baryta;  it  boils  at  100*-5. 

Ethyl-aniyl  is  formed  by  acting  on  a  mixture  of  the  bromides  or 
iodides  of  ethyl  and  aniyl  with  sodium ;  it  boils  at  91*.  The  third  of 
these  paraffins  has  been  prepared  by  the  action  of  zinc-ethyl  upon 
]>r<)pidene  dichloride  (CH3)2CCl2  (see  tetramethyl-methane) ;  it  boils 
at  8G^  Triethyl-niethane  is  produced  by  the  action  of  zinc-ethyl  and 
sodium  on  ethyl  orthoformate  (see  page  118) ;  it  boils  at  96*. 

By  acting  on  these  ])araffins  with  chlorine  different  heptyl  chlorides 
are  produced,  from  which  alcohols  and  other  derivatives  have  been 
obtained.  Thus  heptane  yields  a  primary  heptyl  alcohol  boiling  at 
about  175°,  and  a  secondary  boiling  at  160°. 

(Enanthyl  Aldehyde  or  (Fnanihol  C^Hi^O  is  formed  by  oxidizing 
primary  heptyl  alcohol,  and  may  be  obtained  in  quantity  by  subject- 
ing castor-oil  to  destructive  distillation.  It  is  a  colourless  liquid, 
having  a  pungent  smell  and  boiling  at  154° ;  like  other  aldehydes  it 
forms  crystalline  compounds  with  the  acid  sulphites  of  the  alkali- 
metals. 

OHO) 
(Enanthylic  Acid    "'    ^^t  \  0,  or  heptylic  acid,  is  prepared  by  oxi- 
dizing oenanthol  with  dilute  chromic  acid.    It  is  an  oily  liquid,  having 
a  faint,  sour  smell,  and  boiling  at  223°.     An  isomeric  acid  has  been 
obtained  by  treating  sodacetic  ether  with  amyl  iodide. 

CH    "1 
Methyl'pentyl  Ketone  ^,  t^    V  CO  is  formed  by  the  oxidation   of 
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secondary  heptyl  alcohol;   it  boils  at   132''  and  yields  on  further 

oxidation  acetic  acid  and  pentylic  acid. 

Isoheptyl  Alcohol  (CH8)2C5Hg.OH  has  been  obtained,  together  with 

CH  ) 
methyl-amyl  carbinol    .qjt  ^  n  tj^  f  CH.OH,  from  ethyl-amyL     The 

primary  alcohol  boils  at  165^  and  yields  on  oxidation  isoheptylic  acid 
(CH3)2C^H-.C02H,  an  oily  liquid  boiling  at  212^  The  secondary 
alcohol  boils  at  146®. 

Methyl-amyl  Ketone  .^^  \  r  H^  i  ^^  ^^  ^  limpid  liquid  boiling  at 

144^  which  has  been  produced  by  the  action  of  zinc-methyl  on  iso- 
caproyl  chloride,  as  well  as  that  of  zinc-amyl  on  acetyl  chloride,  and 
is  also  formed  by  oxidizing  methyl-amyl  carbinol. 

Triethyl  Carbinol  0(02115)306. — This  tertiary  heptyl  alcohol  is 
produced  by  the  action  of  zinc-ethyl  on  propionyl  chloride.  It  is  a 
colourless  liquid,  boiling  at  142°  and  smelling  like  camphor.  Ohromic 
acid  solution  oxidizes  it  to  methyl-diethyl-ethene  (02115)2.0  =  O.OH3, 
which  by  further  oxidation  is  resolved  into  acetic  acid  and  propionic 
acid. 


OCTYL  GROUP. 


C  H    1 
Normal  Octyl  Alcohol    ^  t}  \  0. — ^The  essential  oil  of  the  seeds  of 

cow's  parsnip  (Heracleum  Spondylium)  contains  a  large  quantity  of 
octyl  acetate  and  some  octyl  caproate,  and  the  oil  of  the  common 
parsnip  consists  chiefly  of  octyl  butyrata  The  acetate  is  a  mobile 
liquid,  smelling  like  oranges  and  boiling  at  207**.  On  heating  these 
ethers  with  an  alcoholic  solution  of  caustic  potash,  octyl  alcohol  is 
obtained,  a  colourless  liquid,  insoluble  in  water,  boiling  at  195®,  and 
possessing  a  strong  aromatic  smell.  On  saturating  it  with  hydro- 
chloric acid  gas  and  heating  the  mixture,  octyl  chloride  OgH^yOl  is 
formed,  a  liquid  boiling  at  180°,  and  possessing  a  faint  odour.  Octyl 
iodide  OgHj^I  boils  at  221°  ;  it  is  obtained  by  adding  iodine  gradually 
to  a  mixture  of  the  alcohol  with  amorphous  phosphorus,  and  distilling. 
By  acting  on  the  iodide  with  zinc  and  hydrochloric  acid,  octane  OgH^- 
is  formed ;  it  is  also  obtained  by  the  action  of  sodium  upon  butyl 
iodide,  and  occurs  in  American  petroleum.     It  boils  at  124°. 

By  treating  the  alcohol  with  a  solution  of  potassium  dichromate 
in  dilute  sulphuric  acid,  octylic  acid  C^K^fi^  is  formed,  a  crystalline 
mass,  melting  at  17°  and  boiling  at  233°.  It  has  a  sharp  rancid 
taste  and  a  faint  smell,  which  on  heating  becomes  pungent  and 
sudorific.  An  acid  having  the  same  composition  and  great  resem- 
blance to  nonylic  acid  is  caprylic  acid,  which  occurs  in  butter  and 
other  fats  ;  it  melts  at  14'',  and  boils  between  236°  and  240°.     Ethyl 

C  H  O  I 
octylate    ^rt^u    \0  is  formed  by  adding  sulphuric  acid  to  a  solution 
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of  octylic  acid  in  ethyl  alcohol ;  it  boils  at  20  5""  and  smells  like  pine- 
apples.    £thi/l  caprylatc  is  a  similar  liquid,  boiling  at  214^. 

Secondary  Octyl  Alcohol  or  Methyl-hexyl  Carbinol  pT^    >  CII.OH, 

formerly  called  capryl  alcoliol,  is  produced  by  distilling  castor-oil 
soap  with  caustic  soda.  Castor-oil  contains  ricinoleic  acid,  which  by 
alkalis  is  decomposed  into  the  alcohol  and  sebacic  acid : — 

C18H34O,  +  2NaOH  =  CgH^O  +  C^^^^^^O^  +  H, 

The  distillate  contains  besides  the  secondary  alcohol  other  pro- 
ducts; it  is  repeatedly  rectified  over  caustic  socUt  and  then  subjected 
to  fractional  distillation.  Methyl-hexyl  carbinol  is  a  colourless  oily 
liquid,  possessing  an  aromatic  smell,  and  boiling  at  181^.  By  a 
dilute  solution  of  chromic  acid  it  is  oxidized  to  methyl-hexyl  ketone 

CH     7 

C  ^    f  ^^>  ^  liquid  boiling  at  171^     This  ketone  is  sometimes 

formed  as  a  by-product  in  the  preparation  of  the  alcohoL  Secondary 
octyl  chloride  GgH^^Gl  smells  like  oranges  and  boils  at  173^  The 
iodide  boils  at  212'',  and  yields  by  the  action  of  nascent  hydrogen 
normal  octane. 


NONYL  GROUP, 

This  group  has  been  so  far  very  little  studied.    Pelargonic  acid, 

CgHigOg  occurs  in  the  essential  oil  of  Pelargonium  roscum,  and  is 

also  formed  by  oxidizing  meihyl-nonyl  ketone,  the  chief  constituent  of 

oil  of  rue.     This  acid  has  a  faint,  rancid  odour  ;  it  melts  at  18^  and 

boUs  at  250^ 

C  IT  O  1 
Nonylic  Acid    ®    ^Vr  \  0. — This  acid,  which  has  great  resemblance 

to  pelargonic  acid,  has  been  prepared  by  heating  octyl  iodide  with 
potassium  cyanide  and  decomposing  the  nitrile  thus  formed  with 
caustic  potash.     It  fuses  at  12''  and  boils  at  254^ 


DECATYL  GROUP. 


IXamyl,  or  Tetramethyl  Eexane  C^lly^iCH^.  is  obtained  by  decom- 
posing amyl  iodide  with  sodium;  it  is  a  colourless  mobile  liquid, 
boiling  at  158°.  On  acting  on  it  with  chlorine  decatyl  chloride  is 
formed,  which,  when  heated  with  potassium  acetate  and  acetic  acid, 
yields  the  acetate,  a  liquid  possessing  a  pleasant  smell  like  oranges. 

On  decomposing  it  with  an  alkali,  decatyl  alcohol     ^®  fl  i  ^  ^*  ^^ 
tained,  an  oily  liquid  boiling  at  about  210° — 215°,  and  smelling  like 
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the  flowers  of  Daphne  odoraia.     It  is  most  probable  that  these  bodies 
are  mixtures  of  primary  and  secondary  decatyl  compounds. 

C  H  O  ^ 
Capric  Acid    ^®    ^^g;  f  0  occurs  in  different  fats  and  in  fusel-oiL 

It  is  a  crystalline  solid,  fusing  at  30°,  boiling  at  270°,  and  possessing 
a  faint,  goat-like  smelL 

The  so-called  osnanthic  ether,  which  is  found  in  different  kinds  of 
wine,  and  which  is  the  cause  of  the  peculiar  odour  which  all  wines 
have  in  common,  contains  ethyl  caprate  besides  ethyl  caprylate,  and 
probably  other  compound  ethers  in  varying  quantities. 


HENDECATYL    GROUP. 

CH     ^ 
Methyl-nonyl  Carbinol  ^  x#    >  CH.OH. — This  secondary  alcohol 

has  been  prepared  by  acting  with  sodium  on  an  alcoholic  solution 

of  methyl-nonyl  ketone.     It  is  a  thick,  colourless  liquid,  boiling  at 

229°.     By  acting  on  it  with  bromine  and  phosphorus  the  bromide 

C^jHjjBr  is  formed,  which  on  distillation  splits  up  into  hydrobromic 

acid  and  hendecatene  CnHoo,  a  liquid  boiling  at  200°. 

CH     1 
Methyl-nonyl  Ketone  ^  ^    >  CO  forms  the  chief  constituent  of  oil 

of  rue,  Ruta  graveolens.  It  has  been  ako  obtained  synthetically  by 
distilling  a  mixture  of  calcium  acetate  and  caprate.  It  is  a  colour- 
less liquid,  boiling  at  225°  and  possessing  an  aromatic  odour. 


CETYL  GROUP. 


C  H    ^ 

Cetyl  Alcohol    ^®  i?  f  0. — Spermaceti  consists  principally  of  cetyl 

palmitate;  on  heating  it  with  an  alcoholic  potash  solution  cetyl 
alcohol  is  obtained,  which  forms  small  white  crystals,  melting  at  50° 
and  volatilizing  at  a  high  temperature  without  decomposition.  It  is 
insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether.  By 
heating  it  with  iodine  and  phosphorus,  cetyl  iodide  is  formed,  a  white 
crystalline  mass,  melting  at  22°  and  decomposing  at  a  higher  tempe- 
rature.    By  acting  with  sodium  on  fused  cetyl  alcohol,  sodium  cetylate 

[  0  is  formed ;  the  latter,  when  heated  with  cetyl  iodide,  yields 

CHI 
dicetyl  ether  q^^jt**  \  0,  which  crystallizes  in  shining  plates  melting 

at  55°.     On  passing  ammonia  into  fused  cetyl  iodide,  tricetylamine 


Na 
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(^16^33)3^"  is  formed,  crystallizing  in  white  needles.     Its  salts  are 
insoluble  in  water,  but  they  dissolve  in  alcohol. 

By  heating  cetyl  alcohol  with  dilute  sulphuric  acid  and  potassium 
dichromate,  palmitcddehyde  CjgHjgO  is  formed,  a  white  crystalline 
solid,  melting  at  52°,  and  yielding  on  further  oxidation  palmitic  acid, 
which  is  also  formed  by  heating  cetyl  alcohol  with  soda  lime : — 

CieHj^O  +  NaOH  =  CjeHgiNaO^  +  2H2O 

This  acid,  which  is  found  iu  a  great  many  fats,  will  be  described  in 
the  .next  chapter. 


SOLID   FATTY     ACIDS. 

Those  fatty  acids  containing  more  than  ten  atoms  of  carbon  are 
solid  bodies,  which  on  distillation  undergo  partial  decomposition. 
They  occur,  together  with  lower  members  of  the  series,  in  different 
vegetable  and  animal  fats,  as  compound  ethers  of  the  triad  radical 
propeuyl  C3H5.  By  boiling  a  fat  or  oil  with  caustic  potash  or  soda, 
soaps  are  formed,  which  consist  of  the  potassium  salts  (soft  soap),  or 
sodium  salts  (hard  soap)  of  fatty  acids.  They  are  soluble  in  water, 
whilst  most  other  salts  of  the  solid  fatty  acids  are  insoluble  in 
water. 

As  all  fats  contain  a  mixture  of  several  fatty  acids,  and  as  such 
mixtures  are  often  formed  in  the  oxidation  of  complex  organic 
compounds  as  well  as  by  different  processes  of  fermentation,  and  by 
putrefaction,  it  is  of  importance  to  be  acquainted  M^th  the  method 
employed  to  separate  the  different  constituents  from  such  a  mixture. 

Fatty  acids  which  volatilize  without  decomposition  are  separated 
by  partial  neutralization.  By  adding  an  alkali  to  such  a  mixture, 
the  acid  containing  the  least  number  of  carbon  atoms,  being  the 
stronger,  is  first  neutralized.  Thus  when  to  a  mixture  of  butyric  acid 
and  valerianic  acid  a  quantity  of  soda  is  added  which  is  insufficient 
to  neutralize  the  acids,  and  the  liquid  is  subjected  to  distillation,  either 
pure  valerianic  acid  passes  over,  or  the  residue  consists  of  pure 
sodium  butyrate,  according  to  the  proportions  of  the  two  acids 
present. 

In  the  former  case  all  the  butyric  acid,  together  with  some  of  the 
valerianic  acid,  is  found  in  the  residue.  By  adding  gradually  dilute 
sulphuric  acid,  all  the  valerianic  acid  is  set  free  before  any  of  the 
butyrate  is  decomposed. 

In  the  second  case  all  the  valerianic  acid  and  some  but}Tic  is  con- 
tained in  the  distillate ;  from  which  by  partial  neutmlization  and 
redistillation  pure  valerianic  can  be  obtained.  It  will  be  easily  under- 
stood that  by  repeating  these  operations,  two  or  even  more  volatile 
fatty  acids  can  be  completely  separated. 
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Solid  fatty  acids  may  be  separated  from  each  other  by  fractional 
precipitation.  The  mixture  is  dissolved  in  spirits  of  wine,  and  an 
alcoholic  solution  of  lead  acetate  or  magnesium  acetate  is  added  in 
small  quantities,  by  which  the  acids  having  the  highest  molecular 
weight  are  first  precipitated.  To  the  filtrate  again  a  small  quantity 
of  the  lead  or  magnesium  salt  is  added,  and  this  operation  repeated 
until  all  the  acids  are  precipitated.  The  different  precipitates  are 
decomposed  with  hydrochloric  acid,  and  if  necessary  again  treated  in 
the  same  way  until  pure  acids  are  obtained.  The  purity  of  an  acid 
thus  separated  is  easily  recognized  by  subjecting  it  again  to  fractional 
precipitation  ;  when  pure,  the  first  precipitate  yields  an  acid  having 
the  same  composition  and  melting-point  as  that  obtained  from  the 
last  precipitate. 

Pure  acids  melt  and  solidify  at  the  same  temperature,  whilst  the 
melting-point  of  a  mixture  is  not  only  always  lower  than  that  of  the 
most  fusible  constituent,  but  the  temperature  at  which  it  again 
solidifies  is  always  lower  than  that  at  which  it  melts.  Thus  the 
melting-point  of  stearic  acid  is  69'2°,  and  that  of  palmitic  acid  62®, 
whilst  a  mixture  consisting  of  30  parts  of  stearic  acid  and  70  parts 
of  palmitic  acid  melts  at  55"'l,  and  solidifies  again  at  54^ 

Laurie  Acid  C^gHg^O  occurs  in  the  fat  contained  in  the  berries  of 
the  bay-tree  {Laurus  ndbilis),  in  pichurim  beans,  and  also  in  cocoa-nut 
oil.     It  forms  white  needles  melting  at  43°*6. 

Myristic  Acid  Cj^RggOg  is  found  in  nutmeg  butter,  in  spermaceti, 
and  other  fats.     It  ciystallizes  in  white  needles  melting  at  SS^^'S. 

Palmitic  Acid  CigHjgOg  is  one  of  the  chief  constituents  of  the 
different  kinds  of  tallow,  of  spermaceti,  palm  oil,  olive  oil,  and  a 
great  number  of  other  fats.  It  is  best  obtained  from  palm-oil  soap,  a 
mixture  of  sodium  palmitate  and  stearate,  by  dissolving  it  in  alcohol 
and  separating  the  acids  by  fractional  precipitation. 

Palmitic  acid  crystallizes  in  shining  scales  and  melts  at  62°. 

Margaric  Acid  Cj^Hg^Og. — This  name  was  originally  given  to  an 
acid  supposed  to  exist  in  several  fats,  but  it  has  since  been  shown 
that  the  so-called  margaric  acid  is  only  a  mixture  of  palmitic  and 
stearic  acids.  Margaric  acid  does  not  appear  to  exist  in  natural 
fats,  but  has  been  produced  artificially  by  heating  cetyl  iodide 
with  potassium  cyanide,  and  decomposing  the  margaronitrUe  thus 
formed  with  alcoholic  potash.  It  has  great  resemblance  to  palmitic 
acid. 

Stearic  Add  CigHg^Og  occurs,  together  with  palmitic  acid  and  other 
acids,  in  suet,  tallow,  cocoa-nut  oil,  cocoa  butter,  in  human  fat,  in 
the  fat  of  the  goose,  &c.  &c.  It  is  easily  obtained  from  tallow-soap 
by  dissolving  it  in  six  parts  of  hot  water,  and  adding  to  the  solution 
40 — 50  parts  of  cold  water.  A  mixture  of  acid  sodium  stearate  and 
jialraitate  separates  in  shining  scales.  On  crj^stallizing  this  mixture 
from  hot  alcohol  the  stearate  se])aratcs  first,  and  may  be  purified  by 
recrystallization.  On  decomposing  tliis  salt  l>y  hydrochloric  acid, 
and  recr}'stallizing  the  acid  from  hot  alcoh(»l  it  is  obtained  in  nacreous 
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needles  or  laminsB,  melting  at  69''*2,  and  solidifying  to  a  ciystalline 
scaly  mass. 

The  stearin-candles  consist  of  a  mixture  of  stearic  and  palmitic 
acids. 

Arctchidic  Acid  Cj^H^Og  occurs  in  the  fat  of  the  earth-nut  (Arachis 
hypogcea),  and  hehenic  aM  CjoH^O.  in  the  oil  from  the  fruits  of 
Moringa  nvx  Behen.  Hycenic  acid  Cj^Hg^Oj  was  found  in  the  fat 
from  the  glands  of  a  diseased  striated  hysena. 


CHINESE    WAX    AND    BEES'-WAX. 

Chinese  wax,  the  product  of  an  insect  {Coccus  ceriferus)^  is   a 

white  crystalline  substance  resembling  spermaceti,  and  consisting 

C  H    ) 
almost  entirely  of  ceryl  cerotate  p   fi   q  f  0-     By  saponifying  it 

with  solid  caustic  potash,  dissolving  the  soap  in  hot  water,  and 
adding  barium  chloride,  a  mixture  of  ceryl  alcohol  and  barium 
cerotate  is  precipitated,  which  may  be  separated  by  exhausting 
the  dry  precipitate  with  hot  alcohol,  in  which  the  barium  salt  is 

C  H    ^ 

insoluble.     Ceryl  alcohol     ^  -^  >  0  is  a  white  crystalline  substance, 

melting  at  79^  and  distilling  at  a  high  temperature  with  partial 
decomposition  into  water  and  cerotene  C^^^,  When  ceryl  alcohol 
is  heated  with  caustic  potash,  it  is  oxidized  to  cerotic  acid  : — 

CjyH^  1 0  +  KOH  =  ^27HmO  lo  +  Hjj 

Cerotic  Acid  C^H^^O  is  also  found  in  the  free  state  in  bees'-wax, 
and  may  be  extracted  from  it  with  boiling  alcohoL  It  forms  crystal- 
line grains  melting  at  78°. 

The  portion  of  bees'-wax  insoluble  in  alcohol  consists  of  myricyl 

palmitate  n  h  f)  f  ^'  ^°  heating  it  with  alcoholic  potash,  and  dis- 
solving the  residue  left  on  the  evaporation  of  the  alcohol  in  hot  water, 
and  adding  dilute  hydrochloric  acid,  a  mixture  of  myricyl  alcohol 
and  palmitic  acid  is  precipitated.     To  separate  them  they  are  dis- 

C   H    ) 
solved  in  hot  alcohol ;  on  cooling  myricyl  alcohol    *^  ;S  f  0  separates 

in  silky  crystals,  melting  at  80**.  By  heating  this  alcohol  with  soda- 
lime  it  is  oxidized  to  melissic  acid  Cj^Hg^O,  a  body  bearing  great 
resemblance  to  cerotic  acid,  but  melting  at  80^  Melissic  acid  has 
not  been  found  in  nature. 
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COMPOUNDS  OF  DYAD  EADICALS. 


DYAD    ALCOHOL-RADICALS. 

By  depriving  the  paraffins  of  two  atoms  of  hydrogen  a  series  of 
hydrocarbons  is  obtained  having  the  general  formula  CnH^  to  which 
the  name  the  Olefinies  has  been  given  (from  olefiant  gas,  an  old  name 
of  ethene,  the  first  hydrocarbon  of  the  series).  The  names  of  the 
olefines  are  derived  from  those  of  the  paraffins  by  changing  the  final 
-ane  into  -ene : — 

Ethane    .    .     CgH^  Ethene     .    .     CjH^ 

Propane  .     .     CgHg  Propene  .     .     CjH^ 

A  general  method  of  obtaining  olefines  consists  in  the  abstraction 
of  the  elements  of  water  from  the  monad  alcohols.  This  may  be 
efifected  by  means  of  sulphuric  acid,  zinc  chloride,  and  other  dehydrat- 
ing agents  : — 

C,HeO   -H20  =  C2H, 

Olefines  are  also  produced  by  heating  the  haloid  compounds  of 
monad  alcohol  radicals  with  a  solution  of  caustic  potash  in  spirits 
of  wine : — 

CeHijCl  +  KOH  =  C^TL^^  +  H^O  +  KCl 

Of  other  reactions  by  which  olefines  are  formed  the  following  may 
be  mentioned. 

By  acting  on  the  iodides  of  the  monad  alcohol  radicals  with 
nascent  hydrogen,  or  with  sodium  or  zinc,  not  only  are  paraffins 
formed,  but  also  olefines  in  smaller  quantities.  Thus  when  ethyl 
iodide  is  heated  with  zinc,  not  only  is  butane  formed  but  also  ethane 
and  ethene  : — 

2C2H5I  +  Zn  =  CjjHg  +  CjjH^  +  Znlj 

By  the  action  of  zinc  and  hydrochloric  acid  upon  secondary  hexyl 
iodide,  hexane  C^Hj^  is  formed  as  the  chief  product,  but  at  the  same 
time  some  hexene  C^H^g  and  some  dihexyl  C^^^  are  produced  : — 

(1)  C,H„I  +  H,  =  C,Hi,  +  IH 

(2)  2CeH„I  +  Zn  =  CgHi,  +  CeH^  +  Znl, 

(3)  2C„Hi3T  +  Zn  =  C,jHje  +  Znlj 

*  Fonnerly  they  were  designated  by  names  derived  from  those  of  the  monad  alcohol 
radicals  by  the  addition  of  -ene  ;  thu^j  etheue  is  still  frequently  called  ethylene,  Lc. 
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defines  may  also  be  produced  by  syuthesis.  Thus  pcntciie  CgHj^ 
has  been  obtained  by  the  action  of  zinc-ethyl  upon  allyl  iodide 
C3H5I  :— 

(C,iy,Zn  +  2C3H,I  =  2C,H,o  +  Znl, 

By  heating  monobromethene  with  zinc-ethyl,  hutene  C^Hg  is  pro- 
duced : — 

2(C,H3Br)  +  (C,H,),Zn  =  2C,H3  +  ZnBr, 

defines  also  occur  amongst  the  products  of  destructive  distillation 
of  many  organic  bodies,  and  are  found  therefore  in  coal-tar,  wood- 
tar,  &c. 

In  their  physical  properties  the  olefines  have  great  resemblance  to 
the  paraffins.  The  lowest  members  of  the  series  are  gaseous  at  the 
ordinary  temperature ;  most  of  the  others  are  liquids  having  a  faint 
ethereal  and  garlic-like  smell ;  and  the  highest  members  consist  of 
crystalline  solids. 

The  olefines  contain  two  carbon  atoms  linked  together  by  two 
combining  units  of  each  atom.  The  number  of  isomerides' which 
according  to  theory  may  exist  is  larger  than  that  of  the  paraffins,  as 
the  double  linking  of  two  carbon  atoms  can  take  place  between 
different  atoms  in  the  carbon  chain.  Thus  we  know  only  two 
hydrocarbons  C^Hj^,  but  three  having  the  formula  C^llg  : — 

CH2=CIi — CHj — CH3 
CH,— CH=CH— CH, 

CH,=C<g«s 

The  most  characteristic  property  of  the  olefines  is  that  they  com- 
bine directly  with  one  molecule  of  another  element  or  compound,  as 
with  the  hydracids  of  the  chlorine  group,  ethene  and  hydriodic  acid 
yielding  ethyl  iodide : — 

CHj         jr  ^  CH3 

II     +i}  =  l 

CH,       ^  •'       CHjI 

The  olefines  containing  more  than  two  atoms  of  carbon  yield  by 
this  reaction  secondary  or  tertiary  compounds  : — 

CH,  CH3 


I        on     I 

CH  +  V;      =CHC1 
HJ.       , 

CH, 


CHj 
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CHo  Cji«  CH«  CH« 

\>  \> 

C  _L   1 1  _      CI 


Cj12  ^^Hj 

Olefines  combine  also  with  concentrated  sulphuric  acid : — 

C,H,  +  5  }  SO,  =  ^»^« }  SO, 

Ah  +  g  }  so,  =  (CH3)2CH  I  gQ^ 

CHj 

The  haloid  ethers  of  the  dyad  radicals  are  very  readily  produced 
by  the  direct  union  of  the  olefines  with  the  elements  of  the  chlorine 
group: — 

CjH,  +  Clj  =  CjH^Clg 

CgHg  +  Brg  =  CjHgBrj 

Besides  these  addition-products  there  exist  also  isomeric  compounds, 
formed  by  substitution  of  hydrogen  or  oxygen  in  saturated  compounds. 
Thus  by  acting  with  chlorine  on  ethane  we  obtain  as  the  second 
product  of  substitution  dichlarethane  or  ethidene  dickloride,  which  is 
an  isomeride  of  ethene  dichloride,  and  has  also  been  produced  by  the 
action  of  phosphorus  pentachloride  on  aldehyde.  The  constitution  of 
these  two  isomerides  is  explained  by  their  mode  of  formation : — 

Ethene  Dichloride. 

CI12  CrigCr 

II      +  CI,  =  I 

CHj,  CHjCl 

Ethidene  Dichloride. 
CM,  CHj. 

I      +  PCI,  =  I  +  P0C13 

CHO  CHCI2 

Propidene  dichloride,  an  isomeride  of  propene  dichloride,  is  pro- 
duced by  treating  acetone  with  phosphorus  pentachloride : — 

Propene  Dichloride.        ,  Propidene  Dichloride. 

CH4  CH« 


i 


HCl  CCl, 

I  I 

CHjCl  CHj 

The  olefines  also  combine  with  hypocblorous  and  hypobromous 

C  •& 
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acids,  forming  compounds  which  at  the  same  time  are  haloid  ethers 
and  alcohols : — 


CH. 


Etlicne  Chlorhydrate. 


+  ClOH  = 


CHjC 


f 


CH, 


CH2.OH 


The  alcohols  of  the  dyad  radicals,  called  glycols  (on  account  of  their 
sweet  taste),  are  produced  by  reactions  quite  antjogous  to  those  by 
which  the  monad  alcohols  are  obtained  from  their  haloid  ethers. 
Thus  ethcne  iodide  yields  with  silver  acetate,  ethene  diacetate : — 

CAJ  {  +  2AgO.C,H30  =  C,H,  {  gg*g»g  +  2AgI 

Alkalis  decompose  this  acetate,  ethene  alcohol  or  common  glycol 
being  formed : — 

p  „  f  OCjH.0  ^  „    f  OH      r  TT  (  OH  ^  T,„  (  OC,H,0 
^*^«  {  OC^O  +  ^n  OH  =  ^^^*  I  OH  +  ^  i  OcIh^O 

Tlie  reaction  of  the  glycols  are  for  the  most  part  similar  to  those  of 
the  alcohols  of  monad  radicals,  but  inasmuch  as  the  former  contain 
two  hydroxyls,  the  reactions  generally  take  place  in  two  •  stages,  and 
yield  two  series  of  compounds : — 


Ethene  Chlorhydftite. 

^2"*  \  OH. 

Ethene  Monaoetatc. 

P  XT  ( OH 
^2"*  \  OCjHgO 

Sodium  Ethcnate. 

f ,  XT  (  OH 
^2^*  1  ONa 

Ethyl  Ethenatc. 
prx     fOH 

Ethene  Oxyhydrosulphide. 


Ethene  Dichloride. 
Ethene  Diaeetate. 

^2^4  \  OCjHjO 

Disodium  Ethenate. 

p  „  /  ONa 
^i^*  \  ONa 

Diethyl  Ethenate. 

^^H*  \  OC,H, 

Ethene  Dihydrosulphide. 

C2H4 1  sH 


The  two  hydroxyls  may  also  be  replaced  by  one  atom  of  a  dyad 
element  or  a  dyad  radical ;  whilst  the  defines  can,  like  the  monad 
radicals,  substitute  hydrogen  in  ammonia,  &c. : — 


Ethone  Oxide. 

CH, 

I     >o 

CH/ 


Ethencdiaminc. 

^^^*  \  NH, 


Triethenedinminc. 
C2H4  I  If 

C,H,  I N 
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The  following  table  contains  the  olefines  and  glycols  which  have 
been  best  examined : — 


Olefines. 


Glycols. 


Boiling- 
point. 


) 


C3  Hg 


5H10 


Ethene     . 
Propene   . 
Isobutene 
Butene     . 
Amylene  . 
Pentene   . 
Hexene    . 
Heptene  . 
Octene 
Diamylene 
Hendecadene  CnHgg 
Cetene 
Cerotene  . 
Melene 


•    ^6  -^12 


^80^60 


-7^ 

+  3 

35 

40 

70 

100 

125 

158 

200 

275 


Ethene  Glycol 
Propene     „ 
Isobutene 


Amylene 

Hexene 

Octene 


a 


J} 


if 


f> 


C^He  0, 
CgHg  Og 

C4H10O2 


^'8^1802 


Boiling- 
point. 

197%5 

188 

183 

177 

207 

237 


The  boiling-points  of  the  first  four  glycols  become  lower  as  the 
molecular  weight  increases.  This  apparent  anomaly  is  easily  explained 
by  the  different  constitution  of  these  bodies ;  ethene  glycol  being 
a  primary  alcohol,  while  the  others  are  primary  as  well  as  secondary 
or  tertiary  compounds : — 


Ethene  Glycol. 

CH..OR 


Propene  Glycol. 

CH, 


CHj.OH 


CH.( 


OH 


CHyOH 


Isobntene  Glycol. 

CHo  CH« 

\>      ' 
C.OH 


CH2.OH 


MONOBASIC    ACIDS    OF    THE    SERIES    CnHgnOa, 

These  acids  are  derived  from  the  glycols  by  replacing  in  the  latter 
two  atoms  of  hydrogen  by  one  of  oxygen,  and  may  be  produced  by 
the  slow  oxidation  of  glycols : — 

GlycoUic  Aciil. 


CH2.0H 


A 


Hj.011 


+  0,=  | 


CH2.OH 


+  H,() 


CII 


3 


CO.OH 

Lactic  Acid. 

CH, 


CH.OH  +  Oj  =  CH.OH  +  HjO 
CH,.OH  CO.i 


OH 


"&^ 
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They  are  also  formed  by  replacing  in  a  fatty  acid  one  atom  of 
hydrogen  by  one  of  hydroxyl.  This  can  be  easily  effected  by  the 
action  of  alkalis  or  silver  oxide  and  water  on  the  monobrominated 
or  chlorinated  fatty  acids  ;  thus  monochloracetic  acid  yields  glycollic 
or  oxacetic  acid,  and  nionobromopropionic  acid  is  converted  into 
lactic  or  oxypropionic  acid : — 

CH-.C1  CHj.OH 

I  +  KOH  =1  +  KCl 

CO.OH  CO.OH 

CH.  CHq 

I         .     I 

CHBr   +KOH  =  CH.OH  +  KCl 

I  I 

CO.OH  CO.OH 

On  the  other  hand,  by  treating  glycollic  or  lactic  acid  with 
hydrochloric  or  hydrobromic  acids  they  are  again  converted  into  the 
corresponding  substituted  fatty  acids.  Hydriodic  acid  acts  in  a 
similar  way,  but  the  moniodo-acids  thus  formed  are  readily  further 
acted  upon  by  the  hydriodic  acid,  and  reduced  to  a  fatty  acid.  Lactic 
acid  can  thus  be  easily  converted  into  propionic  acid  : — 

(1)  C3H,(0H)0j  +  HI  =  C3H5IO,  +  H^O 

(2)  C,H,IO,        +Ht  =  C,HeOj    +1,- 

The  acids  of  the  glycollic  series  being  at  the  same  time  monobasic 
acids  and  monad  alcohols,  form  different  kinds  of  haloid  and  other 
ethers,  of  amides,  &c. 

Thus  monochloroprapianic  acid  must  be  regarded  as  an  alcoholic 
chloride ;  by  acting  on  it  with  ammonia,  we  obtain  amidopropionie 
acid  or  alanine,  which  being  an  amine  combines  with  acids,  but  at 
the  same  time,  as  a  monobasic  acid,  it  forms  also  metallic  salts. 

By  heating  lactic  acid  with  absolute  alcohol  we  get  ethyl  lactate,  a 
neutral  volatile  liquid,  which  is  readily  acted  upon  by  sodium  like  other 
alcohols,  the  hydrogen  of  the  hydroxyl  being  replaced  by  the  metal. 
Ethyl  iodide  converts  this  sodium-compound  into  diethyl  lactate, 
which  by  alkalis  is  resolved  into  ethyl  alcohol  and  a  salt  of  ethyl- 
lactic  acid,  an  isomeride  of  ethyl  lactate,  from  which  it,  however, 
differs  by  being  as  powerful  an  acid  as  lactic  acid  itself.  Ammonia 
converts  diethyl  lactate  into  lactamidc,  a  neutral  body,  which  is 
isomeric  with  alanine.  When  a  metallic  lactate  is  treated  with 
phosphorus  pentachloride,  it  yields  lactyl  chloride,  a  body  having  the 
character  of  an  alcoholic  chloride  as  well  as  that  of  an  acid  chloride, 
and  being  therefore  resolved  by  water  into  hydrochloric  acid  and 
monochloropropionic  acid. 

The  following  formulsB  explain  the  constitution  of  these  different 
compounds : — 
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luetic  Acid. 

CH, 


CH.OH 

I 
CO.OH 

Ethyl  Lactate. 

CH, 

h 

\ 
CO.OCjHj 

Lactamide. 

CH, 


Chloroproplonic  Acid. 

CH, 

I 
CHCl 

I 
CO.OH 

Ethyllactic  Aci^. 

CH. 


Lactyl  Chloride. 
CH, 

I 
CHCl 


H.OH 


CH.0CjH5 


COCl 

Diethyl  Lactatr. 

CH, 

I 
CH.0CjH5 


CO.OH 

Alanine. 

CH, 


CO. 


OCjHj 


LactyJdiamide. 

CH, 


CH. 

h 


OH 
O.NH« 


CH. 


NH. 


CO.OH 


'3 


CH.NH 

I 
CO.NH 


2 


2 


The  acids  of  this  group  can  be  obtained  synthetically  by  heating 
an  aldehyde  with  hydrocyanic  acid  and  dilute  hydrochloric  acid ; 
acetaldehyde  yielding  lactic  acid  : — 


CH, 


CH 


I 
+  HCN  -t  HCl  +  2H.0  =  CH.OH  +  NH.Cl 

CHO  I 

CO.OH 

Many  acids  of  this  series  are  known  in  several  isomeric  modifica- 
tions ;  the  cause  of  the  isomerism  being  either  a  different  grouping  of 
the  carbon  atoms,  or  the  alcoholic  hydroxy]  occupying  another  posi- 
tion.    Thus  we  know  three  oxybutyric  acids : — 


Oxybutyric  Acid. 

CHj 

CH- 

•       I 

CH.OH 

1 
CO.OH 


i3  Oxybutyric  Acid. 

CH, 
I 


CH.OH 

CHj 

CO.OH 


Oxy-isobntyric  Acid. 

CH.  Clio 

\>  ' 

COH 


CO. 


OH 


Oxy-isobutyric  acid  is  not  only  obtained  by  the  action  of  moist 
silver  oxide  on  monobromisobutyric  acid,  but  has  also  been  produced 

COOH 
by  replacing  in  oxaUc  acid  \  one  atom  of  oxygen  by  two  of 

COOH 
methyl.    This  is  done  by  heating  methyl  oxalate  with  zinc-methyl. 
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By  employing  the  zinc-coiapouiids  of  otiier  alcohol-radicals,  a  great 

CH(C,H„  +  ,)20H 
number    of    such    isolactic    acids     |  have    Ijeen 

COOH 
prepared. 

The  acids  of  the  lactic  series  which  have  bo  far  been  described  are 
secondary  alcohols  witli  the  exception  of  glycollic  acid,  which  is  a 
priuiary  alcohol.  An  acid  having  a  simOar  constitution  is  etlicnc- 
ladic  acid,  which  has  been  produced  by  heating  ethene  clilorhydrate 
witli  potassium  cyanide,  and  decomposing  tlie  nitrile  thus  formed 
witli  caustic  potash : — 

CN  CO.OK 

CHj        +  KOH  +  H,0  =  CHj        +  NIl^ 
■CH^OH  CHj.OH 

Ethene-lactic  acid  corresponds  to  primary  propyl  alcohol  and  yields 
by  o^iidatioQ  bibasic  malonic  acid,  whilst  common  or  ethideiie-lactic 
acid,  which  corresponds  to  secondary  propyl  alcohol,  is  resolved  by 
oxidizing  agents  into  acetic  acid  and  carbon  dioxide. 

Glycollic  acid  and  the  two  lactic  acids  occur  in  nature. 
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OxaUc            Acid    C,H,  0, 

Suberic  Acid 

.    C,  H,,0, 

Malonic             „      CjH,  0, 

Azelaic     „ 

■    C„H,.0, 

Succinic            „      C^Hg  0, 

Sebacic     „ 

■  t\.n"o; 

BrAssic      „ 

■  1'  hK 

Adipic               „      C.H„0. 

Kocellio    „ 

.    C,-H„0, 

Hnielic              „      C,H„0, 

The  acids  of  this  group  are  bibasic,  containing  tlie  group  carboxyl 
twice ;  they  stand  in  the  same  relation  to  primary  glycols  as  the  fatty 
acids  to  the  monad  primaiy  alcohols : — 

CHj  CHyOH 

Etliyl  Alcohol   I  Etl)enc  Alcohol    | 

CH^.OH  UHj.OH 


CHj  OO.OH 

I  Oxalic  Acid        [ 

CO.OH  CO.OH 


It  has  already  been  mentioned  tliat  with  Ibe  exception  of  ethene 
glycol  otlier  primary  glycols  are  hardly  known.  On  oxidizing  ethene 
glycol  it  first  yields  monobasic   glycollic  acid,  wluch  by  further 
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oxidation  is  converted  into  oxalic  acid.  The  second  acid  of  the  series, 
malonic  acid,  is  formed  by  oxidizing  etliene-lactic  acid,  which  has 
to  be  regarded  as  the  first  oxidation-product  of  primary  propene  glycol. 

All  acids  of  this  series  with  the  exception  of  oxalic  acid  contain 
an  olefine  combined  with  two  carboxyls.  This  is  shown  not  only 
by  the  different  modes  of  formation  of  these  acids,  but  also  by  many 
of  their  decompositions. 

Wlien  ethene  bibromide  is  heated  with  potassium  cyanide  the 
nitrile  of  succinic  acid  is  formed,  and  this  compound,  by  the  action 
of  caustic  potash,  yields  the  latter  acid  : — 

CN  CO.OH 

r  ■'•"■■¥■  •■- 

CN  CO.OH 

When  a  galvanic  current  is  passed  through,  a  solution  of  potassium 
succinate,  the  acid  is  decomposed  into  ethene,  carbon  dioxide  and 
hydrogen : — 

CO.OH 


a: 


CjH,     =  CjH*  +  2CO2  +  Hj 
O.OH 


i 


The  chlorine  in  chloracetic  acid  may  be  replaced  by  cyanogen, 
and  thus  cyanacetic  acid  is, formed,  a  compound  being  a  monobasic 
acid  as  well  as  a  nitrile,  and  yielding  malonic  acid  by  the  action 
of  alkalis : — 

CN  CO.OH 


CH.      +  2H2O  =  CHo      +  NHo 

I  I     " 

CO.OH  COOH 

a  Ci/anopropionic  acid  is  converted  by  the  same  reaction  into 
isomecinic  arid : — 

CH,  CH3 


CH— CN  +  2H2O  =  CH— CO.OH  +  NH3 

I  I 

CO.OH  CO.OH 

By  heating,  a  iodopropionic  acid  with  finely  divided  silver^  adipir 
itrid  is  formed  : — 

*  Tbo  finely  divided  silver,  or  silver-dusf,  which  is  cniployeil  for  many  t^imilar 
synthetical  reactions,  is  prepared  by  precipitating  a  cold  dilute  solution  with  hydrt>- 
chloric  acid,  and  reducing  the  silver  chloride  with  zinc.  The  prwluct  is  washed  with 
dilute  hydrochloric  acid  and  water,  and  dried  at  a  gentle  heat.  It  fonns  a  very  fine 
tlark  powder,  without  metallic  lustre. 
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CO.OII  CO.OH 

A: 


CHo  CHj 


I 


CHjT  CHj 


+  Agj  =  I  +  2AgI 


CHjI  CH, 


i 


II2  CHj 

CO.OH  CO.OH 

By  the  same  reaction,  /8  Irromopropionic  acid  is  converted  into 
dimethyl-mccinic  acid : — 

CO.OH 

I  CO.OH 

CH.C: 
+  Agj  =  I  '  +  2AgI 

Br  CH.CH3 

CHCH.  I 

I  CO.OH 

CO.OH 

Many  of  the  acids  belonging  to  this  group  are  formed  by  the 
oxidation  of  fats  and  other  bodies.  Three  of  them  occur  in  nature, 
viz.  oxalic  acid,  succinic  acid,  and  rocellic  acid. 


CH.CHg 

Br  CH.CH3 


ETHENE    COMPOUNDS. 
ETHENE    C,H^. 

This  hydrooarbon  is  formed,  together  with  many  other  products, 
by  the  destructive  distillation  of  organic  bodies,  as  fats,  resins, 
wood,  coal,  &c.  To  obtain  pure  ethene  a  mixture  of  one  volume  of 
strong  alcohol  and  3 — 4  volumes  of  concentrated  sulphuric  acid  is 
gently  heated,  and  the  gas  washed  with  concentrated  sidphuric  acid 
and  a  solution  of  caustic  soda,  in  order  to  free  it  from  the  vapours 
of  alcohol  and  ether,  and  from  carbon  dioxide  and  sulphur  dioxide, 
which  two  gases  are  always  formed  towards  the  end  of  the  reaction. 

Ethene  is  a  colourless  gas  having  a  peculiar  faint  and  suffocating 
odour.  It  condenses  at  —  110**  to  a  liquid ;  it  is  very  inflammable, 
burning  with  a  bright  luminous  flame. 

It  was  fonnerly  called  olcfiant  (]ias,hecB.VL8e  it  combines  with  chlorine 
to  form  ethene  dichloride,  an  oily  liquid.  Ethene  also  combines 
rcmlUy  with  bromine,  but  more  difficultly  with  iodine.     The  concen- 
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trated  hydracids  of  these  elements  also  combine  with  ethene,  forming 
haloid  ethers  of  ethyL  By  shaking  it  "with  concentrated  sulphuric 
acid  it  is  dissolved,  ethylsulphuric  acid  being  formed.  Aqueous 
hypochlorous  and  hypobromous  acids  also  absorb  the  gas  slowly. 

When  ethene  is  passed  into  a  solution  of  platinum  dichloride  and 
hydrochloric  acid,  the  compound  CgH^PtClg  is  formed,  remaining  on 
evaporation  as  a  brown  gum-like  mass.  Ethene-'platinum  chloride 
combines  with  bases  and  the  chlorides  of  the  alkali-metals,  form- 
ing crystallized  compounds.  Potassium  -  ethene  -  platinum  chloride 
CgH^PtClg-KCl  +  HjO  crystallizes  in  large  lemon-yellow  plates. 

Ethene  Bichloride  CgH^Clg. — Ethene  was  discovered  in  the  year  1795 
by  four  Dutch  chemists,  who  found  that  this  gas  readily  combines 
with  chlorine,  forming  an  oily  liquid,  which  still  is  known  by  the 
name  of  Dutch  liquid. 

To  prepare  ethene  dichloride,  equal  volumes  of  ethene  and 
chlorine  are  passed  into  a  large  glass  globe,  provided  at  the  lower 
end  with  an  open  tubulus,  through  which  the  dichloride  runs  into  a 
flask.  It  may  also  be  prepared  by  passing  ethene  into  a  mixture  of 
manganese  dioxide,  salt,  and  dilute  sulphuric  acid  as  long  as  the 
gas  is  absorbed,  and  then  distilling  the  dichloride  off. 

Ethene  dichloride  is  also  formed  in  quantity,  together  with  ethyl 
chloride  and  dichlorethane,  as  a  by-product  in  the  manufacture  of 
chloral. 

Ethene  dichloride  is  a  mobile,  colourless  liquid  smelling  like  chloro- 
form, and  boiling  at  85** ;  at  0°  it  has  the  specific  gravity  1'271.  When 
it  is  heated  with  an  alcoholic  solution  of  potash  it  loses  one  molecule 
of  hydrochloric  acid,  and  monochloretlicne  or  vinyl  chloride  CgHjCl 
escapes  as  a  gas,  which  at  —  18°  condenses  to  a  liquid.  This  compound 
combines  like  ethene  again  with  one  molecule  of  chlorine,  forming 
monochloretliene  dichloride  CgHjCl.Clj,  which  is  acted  upon  by  alcoholic 
potash  with  the  formation  of  dichloretJiene  CgHgCL.  By  repeating 
this  reaction  the  following  substitution-products  have  been  obtained : — 

Boiling-point. 

Monochlorethene     CgHjCl     .     .     .     .   —  18 


Dichlorethene  C^H^Clj 
Trichlorethene  CgH  CI3 
Tetrachlorethene     CjCl^ 


+  37 
88 
117 


On  combining  these  chlorethenes  with  chlorine  a  series  of  com- 
pounds are  formed  having  the  same  composition  as  the  chlorine  sub- 
stitution-products of  ethene  : — 

From  Ethene.  Boiliug-jwiut.       From  Ethane.  Boiling-point. 


CoH  CI, 
CjClo 


85°  CgH^Clj  ...  59 

115  CjHjClj  ...  75 

147  CjHjsCl^  ...  127 

158  CjHCls  ...  158 

182  CjClg  ...  182 
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From  this  table  it  is  seen  that  the  three  first  derivatives  of  ethane 
are  isomeric  with  those  of  ethene^  the  constitution  of  these  bodies 
being — 

From  Ethene.  From  Ethane. 

CHXl  CH, 

I  I 

CHjCl  CHCI2 

CHoCl  CH« 

1  I 

CHCI2  CClj 

CHCl,  CHjCl 


.1 


HCI2  CCl 


3 


But  the  compounds  4  and  5  are  identical  in  both  jseries,  only  one 
formula  being  possible  for  each  of  tliem : — 


CHCI2  CCl 


CClg  CCI3 

JEthene  Dibromide  C2H^Br2: — -This  eompeund  forms  the  starting- 
point  for  the  preparation  of  most  other  ethene  compounds.  It  is 
most  conveniently  prepared  by  the  following  process.  A  Winchester 
quart  bottle  is  filled  with  ethene ;  120  grams  of  bromine  and  the  sasne 
quantity  of  water  are  added,  and  the  bottle  is  quickly  cleeed  with 
a  cork  through  which  a  glass  tube  pasees,  open  at  both  ends,  one  of 
which  reaches  to  the  bottom  of  the  bottle  whilst  the  other  is  con- 
nected with  a  gasholder  filled  with  ethene.  On  shaking  the  bottle 
the  ethene  is  absorbed,  and  as  soon  as  all  the  bromine  has  combined, 
more  of  it  is  added,  and  this  process  continued  until  a  sufficient 
quantity  of  the  dibromide  has  been  formed.  The  product  is  washed 
with  caustic  soda,  and  dried  by  distilling  it  with  sulphuric  acid. 

Ethene  dibromide  is  a  colourless  liquid,  having  a  sweetish  smell 
and  taste,  boiling  at  129**,  and  solidifying  at  0°  to  a  crystalline  mass. 
When  heated  with  alcoholic  potash  it  yields  monoh^omethene  CgHgBr, 
a  volatile  liquid  boiling  at  24°,  and  combining  with  highly  concentrated 
hydrobromic  acid  to  form  ethene  dibromide,  whilst  with  a  more  dilute 
acid  it  forms  the  isomeric  ethidene  bromide : — 

(1)     CH,        3  .       CH.Br 

II  +  H  [  =  I 

CHBr      " '       CHjiBr 

(2j       CHj  TT^  CH3 

II  +  Br  r  =  I 

CHBr      ^^  ^       CHBr^ 

Ethene  Di-wdide  Cfl^^^ — Ethene  combines  with  iodine  slowly  at  a 
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gentle  heat,  or  when  exposed  to  the  light  of  the  sun.  This  compound 
can,  however,  be  obtained  in  quantity  by  passing  cthene  into  a  mixture 
of  absolute  alcohol  and  iodine  until  the  latter  is  dissolved.  More 
iodine  is  now  added,  and  the  gas  passed  again  into  the  liquid,  and  the 
same  process  repeated  until  a  magma  of  crystals  has  been  produced. 
After  the  mother  liquor  has  been  drained  oft'  the  crystals  are  washed 
with  alcohol 

Ethene  di-iodide  forms  white  needles,  melting  at  73°,  and  subliming 
with  partial  decomposition  at  80°.  When  exposed  to  the  light  it  soon 
assumes  a  brown  colour.  It  possesses  an  ethereal  odour,  and  its 
vapour  attacks  the  eyes  and  produces  headache. 

When  ethene  is  passed  into  iodine  monochloride,  ethane  chloriodicfr 
C^H^CII  is  formed,  a  liquid  boiling  at  146°. 

Ethene  Alcohol  or  Ethene  Glycol  G^^iOT^^. — I'o  prepare  this  com- 
pound, silver  acetate  is  added  to  a  mixture  of  ethene  di-iodide  and 
glacial  acetic  acid ;  a  violent  reaction  sets  in  and  cthene  diacctate 

is  formed,  CgH^  ]  oc^H^O'  ^  colourless  liquid  boiling  at  187°.     By 

treating  this  ether  with  alkalis,  ethene  alcohol  is  produced.  This  com- 
pound is  more  conveniently  obtained  by  heating  an  alcoholic  solution 
of  ethene  dibromide  with  potassium  acetate  in  closed  vessels  in  a 
water-bath : — 


^A  {  Br  +  ^*  h'  }  ^  +  2K0C^,0 


=  CA{C5AO  +  c!afd}^  +  2KBr 

The  etJienc  monacetate  thus  formed  is  a  colourless  liquid  boiling  at 
182°,  smelling  slightly  of  acetic  acid,  and  soluble  in  water.  To  convert 
it  into  the  glycol  the  requisite  quantity  of  powdered  caustic  potash 
or  baryta  is  added,  and  the  mixture  distilled  after  standing  for  12 
hours. 

Ethene  alcohol  has  also  been  prepared  by  the  action  of  moist  silver 

oxide  on  ethene  chloriodide.     It  is  a  thick  colourless  liquid,  dissolving 

in  water  in  all  proportions,  and  possessing  a  sweet  taste.     It  boils 

at  197°'5,  and  has  at  0°  the  specific  gravity  1 125.     Sodium  dissolves 

in  it,  with  the  evolution  of  hydrogen  and  formation  of  sodium  etlunatc 

(  OH 
C^H^  1  ON"    '  ^  white  crystalline  mass  which  when  heated  with  more 

sodium  to  190°  yields   disodium  cthenatc  CgH^-j  q>t^-     By  actin 

with  ethyl  iodide  on  these  compounds  the  ethyl  ethers  of  ethene  are 

(  OH 
formed.     Ethyl  cthenatc  CgH^  -J  ^^,  tt  is  a  liquid  possessing  an  ethereal 

r  oc  H 

odour  and  boiling  at  127*'*5,  and  diethyl  cthenatc  CgH^  -J  qq^ij^  is  a 
similar  body  boiling  at  123°'5.    When  glycol  is  acted  upon  by  phos- 


Cf 
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phoriis  pentachloride  it  is  converted  into  ethene  dichloride,  and  on 
heating  it  with  zinc  chloride  it  yields  acetaldehyde : — 

CHjjOH  CHj 


-H20  = 
CHoOH  COH 


^2" 


i, 


By  the  action  of  concentrated  hydriodic  acid  it  is  reduced  to  ethyl 
iodide : — 

CjH,(0H)2  +  SHI  =  CjHgl  +  2HjO  +  I,' 

f  CI 
Etheiie  Chlorhj/drate  or  Etheiie  CMorhydrin  CgH^  -j  q  jt  is  formed 

by  shaking  ethene  with  an  aqueous  solution  of  aqueous  hypochlorous 
acid,  or  by  heating  glycol  with  hydrochloric  acid : — 

C2H4 1  OH  ■*"  H  I  ^  ^2^4 1  OH  ■*"  ^2^ 

It  is  a  colourless  liquid,  miscible  with  water,  and  boiling  at  128^ 
On  heating  it  with  potassium  iodide  it  is  converted  into  ettienc  iodo- 
hydrate  CoH^(OH)I,  a  heavy  liquid  which  is  decomposed  on  heating. 
When  sodium  amalgam  is  added  to  an  aqueous  solution  of  ethene 
chlorhydrate,  ethyl  alcohol  is  formed.  Oxidizing  agents  convert  the 
chlorhydrate  into  monochloracetic  acid. 

Etlcene  Oxide  CgH^O. — A  solution  of  caustic  potash  acts  violently 
on  ethene  chlorhydrate,  ethene  oxide  being  formed : — 

CHgCl  CHj 

I  +  KOH  =1      >0  +  H-0  +  KCl 

CHjOH  CH/ 

Ethene  oxide  is  a  liquid  boiling  at  13°'5  ;  it  is  miscible  with  water 
and  has  basic  properties.     Thus  it  combines  readily  with  acids  : — 

C,H,0  +  HCl  =  CjH,  I  ^^jj 

It  precipitates  also  the  solutions  of  many  metallic  salts,  as  those  of 
magnesium,  aluminium,  copper,  &c. : — 

CuClg  +  2C2H,0  =  CuC0H)2  +  2C2H,  |  ^^ 

When  its  aqueous  solution  is  heated  it  combines  with  water,  glycol 
being  formed;  it  also  combines  with  glycol,  with  the  formation  of 
diethene  glycol : — 

I  ^^       LjH^    OH 
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Diethene  glycol  is  a  thick  liquid,  having  a  sweet  taste  and  boiling 
at  250**.  This  compound  may  again  be  combined  with  cthene  oxide, 
trieihene  glycol  being  produced,  a  liquid  boiling  at  287''.  By  repeating 
these  reactions  other  poly-ethene  glycols  have  been  produced.  The 
constitution  of  these  compounds  is  shown  by  the  following  formulje : — 


Etliene  GlycoL 

OH 


C,H 


\ 


OH 


Diethene  GlycoL 


C,H 


/ 


OH 


> 


CjH. 


OH 


Trietheno  Glycol. 


/ 


CjH; 
C,H/ 


OH 


OH 


Tetra-ethene  GlycoL 


C,H 


/ 


s  uiy< 

OH 


> 


CgH^ 


c,H,: 


> 


\ 


OH 


Hexethene  Glycol. 

/OH 
CjH 

O.H> 


0,H 


> 
C,H, 


OH 


The  same  compounds  are  produced  when  ethene  glycol  is  heated 
with  ethene  bromhydrate. 

Nascent  hydrogen  converts  ethene  oxide  into  ethyl  alcohol.  It 
also  combines  with  bromine,  forming  the  compound  (CoH^0)2Br^, 
consisting  of  reddish-brown  crystals,  melting  at  65°  and  ooiling  at 
05°.  By  adding  mercury  to  this  bromide  cth4!nc  dioxide  (CgHJgO  is 
obtained  in  colourless  crystals,  melting  at  9°  and  boiling  at  102°. 
The  constitution  of  this  compound  is  expressed  by  the  formula : — 

/Ov 

O 


Ethene  oxide  unites  also  with  ammonia  and  amines,  forming 
strongly  basic  compounds.  The  hydrochlorides  of  these  bases  are 
also  produced  by  combining  ethene  chlorhydrate  with  ammonia  or 
compound  ammonias.  Ammonia  yields  the  following  bodies,  which 
are  all  syrupy  alkaline  liquids,  forming  well-crystallized  salt5 : — 


IJK) 
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Monoxcthylaminc. 


CjH^ 


OH 


Trioxetbylamine. 

/NH, 


CoH 


\ 
/ 


Diozethylaniiuc. 

c,h/     * 

^0 

Tetroxethylaminc. 

-NH. 
C,H/       * 


0 


^0 
C2H4/ 


CoH 


> 

\ 

c,h/ 


'2 


0 


0 


CjH^; 


> 


\ 


OH 


f  OH 


Choline  or  Neurine  CgH^  -j  jj/qtt  \  qtt. — ^This  strong  base  was  first 

discovered  in  the  bile,  and  afterwards  it  was  found  in  the  brain, 
in  the  yolk  of  eggs,  in  mustard  seed,  &c.  It  does  not  exist  in 
the  free  state  in  these  substances,  but  is  a  product  of  decomposi- 
tion of  highly  complicated  compounds.  Choline  has  also  been  pro- 
duced synthetically  by  heating  a  concentrated  aqueous  solution  of 
trimethylamine  with  ethene  oxide: — 

CgH^O  +  HgO  +  N(CH3)8  =  CgH^  |  jj (qjj  j  qh 

The  free  base  is  a  deliquescent  mass,  having  a  strongly  alkaline 
reaction,  and  readily  absorbing  carbon  dioxide.  It  combines 
with  acids  to  form  crystalline  salts.  The  platinum  compound 
(N[C2H^(0H)(CH3)3]C1)2  +  PtCl^  forms  large  yeUow  plates,  which 
dissolve  in  water,  but  are  insoluble  in  alcohol. 

When  choline  is  heated  it  is  resolved  into  glycol  and  trimethyl- 
amine : — 

^«^^  {  N(CH3)30H  =  ^*^*  {  OH  -^  N'(CH3)3 

r  QTT 

Oxycholinc  or  Betalne  G^Kfi  <  yj/nji  \  qtt- — This  base  is  obtained 

by  the  oxidation  of  choline,  and  by  the  action  of  trimethylamine 
upon  monochloracetic  acid : — 

CH2CI.CO.OH  +  N(CH3)3  =  N(CH3)3(CH2.0H.C0)C1 

Oxycholine  crystallizes  from  alcohol  in  large  shining  deliquescent 
crystals.  It  has  no  alkaline  reaction  and  a  sweetish  and  cooling 
taste)   its  salts  crystaUize  well.     Oxycholine  occurs  in  beet-roote 
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(jDeta  vulgaris),  and  can  easily  be  obtained  in  quantity  from  the 
treacle  obtained  in  the  manufacture  of  beet- root  sugar. 

Ethcne  Nitrite  C2H^(N02)2  is  formed  by  passing  ethene  into  liquid 
nitrogen  tetroxide ;  it  crystallizes  in  white  prisms,  melting  at  37^*5 
and  subliming  at  a  higher  temperature  with  partial  decomposition. 

Ethene  Nitrate  C2H^(N03)2. — ^When  ethene  glycol  is  dissolved  in 

fuming  nitric  acid,  much  heat  is  evolved,  and,  on  addition  of  water, 

ethene  nitrate  is  precipitated  as  a  thick,  heavy  oil,  possessing  an  lui- 

pleasant,  sweetish  taste.      On  heating  it  gently  it  decomposes  with  a 

slight  explosion,  giving  off  a  very  luminous  flame. 

f  CI 
Ethene  Ckloronitrate  CgHi-]  ^q   is  an  oily,  limpid,  volatile  liquid, 

having  a  pungent  smell,  and  burning  with  a  brilliant  white  flame.  It  is 
readily  obtained  by  dissolving  ethene  chlorhydrate  in  concentrated 
nitric  acid. 

On   passing:   ethene  into  a  veiy  cold  mixture  of  concentrated 

nitric  and  sulphuric  acids,  the  conqiiound  CjH^NjOg  or  CjH^  {  >^q* 

is  formed,  a  colourless  oil,  having  a  very  pungent  smell ;  its  Tapounr 
attack  the  eyes  and  produce  headache.  By  the  action  of  aqueous 
hydriodic  acid  it  is  converted  into  glycol: — 

C2H,|  ggj  +  4Hr=  C2H,  I  gg  +  2N0  +  21,  +  H,0 

{OH 
q^  -rr  is  formed  by  heating  glycol 

with  sulphuric  acid  to  150^  On  diluting  the  cold  solution  with 
water  and  neutralizing  it  with  barium  carbonate,  barium  ethenesulpkcUe 

^2      4  J   QQ     ) 

>  <MQ^  >  Ba  is  obtained,  a  very  soluble  salt,  which  does  not  crys- 

tallize  well.  When  it  is  heated  with  baryta-^vater  it  is  decomposed 
into  glycol  and  barium  sulphate. 

Carhjl  Sulphaie  G^Jl^&O^^ — This  name  has  been  given  to  a  com- 
pound which  is  produced  by  passing  ethene  into  sulphur  trioxide. 
It  forms  colourless  crystals,  which  attract  water  rapidly  from  the  air, 

{SO  H 
SO*H'  ^  compound  only 

known  in  aqueous  solution.     On  heating,  it  is  decomposed  into  sul- 

phuric  acid  and  isethionic  or  ctlicncstdphonic  add  C^B.^  <  gQ  tt,  which 

is  also  formed  by  diluting  a  saturated  solution  of  sulphur  trioxide  in 
alcohol  or  ether  with  water  and  boiling  the  liquid  for  some  hours. 
Banuvi  isethoniatc  crystallizes  from  water  in  shining  plates.  By 
adding  sulphuric  acid  to  a  solution  of  this  salt,  and  boiling  the 
filtrate  down  to  the  consistency  of  a  syrup,  ethenesulpJumic  add 
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crystallizes  on  cooling  in  white  deliquescent  needles.  Potassium 
isethoniate  is  formed  by  heating  ethene  chlorhydrate  with  an  aqueous 
solution  of  potassium  sulphite  : — 

CJI^  I  Qj    4-  SOjjKg  =  CgH^  {  SO  K  ■*"  ^^ 

{OH 
SO  NH    c^s^^lJ^zes  in  colourless 

prisms,  which  when  heated  above  200"  are  converted  into  amido- 
ethyhulphonic  acid  or  taurine  CgH^  j  SO  It*  *  compound  which  occurs 

in  the  free  state  and  combined  with  cholic  acid  (taurocholic  acid)  in 
the  bile,  in  the  intestinal  liquid,  and  in  the  lungs.  It  is  best  prepared 
from  the  bile  of  the  ox,  by  boiling  it  for  some  time  with  hydrochloric 
acid  and  evaporating  the  filtered  solution.  The  residue  is  exhausted 
with  alcohol  and  the  solution  evaporated  to  crystallization.  Taurine 
crystallizes  in  large  colouriess  prisms,  which  are  tasteless  and  only 
sparingly  soluble  in  water.  It  is  a  monobasic  acid  and  very  stable 
body,  which  is  not  acted  upon  by  boiling  nitric  acid ;  but  nitrous  acid 
converts  it  into  isethonic  acid : — 

C.H*  {  ^^k  +  NO.H  =  C,H,  {  OH  H  +  H,0  +  N, 

On  distilling  pcteissium  isethoniate  with  phosphorus  pentachloride 

f  CI 
isethonic  chloride  CgH^  <  «q  pi  is  obtained,  which  is  decomposed  by 

water  with  the  formation  of  hydrochloric  acid  and  chlorethylsulphonic 

(  CI 
acid,  CjH^  -j  «^  qtt     By  acting  with  aqueous  ammonia  on  the  silver 

salt  of  this  acid  taurine  is  formed. 

«TT  is  pre- 
pared by  distilling  ethene  dibromide  with  an  alcoholic  solution  of 
potassium  hydrosulphide.  It  is  a  limpid,  very  refractive  liquid, 
boiling  at  142^  possessing  a  strong,  disagreeable  smell,  and  form- 
ins,  like  other  mercaptans,  metallic  compounds. 

(  OH 

Etlune  Eydro3iytjmlphide  CjH^  ■<  qq    is  a  liquid  with  similar  pro- 

pei-ties.  It  is  produced  by  the  action  of  ethene  chlorhydrate  upon 
potassium  hydrosulphide,  and  yields  on  oxidation  isethonic  acid. 

Ethene  Sulphide  (CgHJgSg  is  obtained  by  distilling  ethene  bromide 
with  an  alcoholic  solution  of  potassium  sulphide.  It  is  a  crystalline 
solid,  melting  at  111"*  and  boiling  at  200°,  but  subliming  readily  at  a 
lower  temperature.  The  vapour  density  of  this  compound  is  60  (H  =  1), 
from  which  it  follows  that  the  molecular  formula  is  twice  CgH^S  ;  its 
constitution  must  therefore  be  the  following: — 
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Ethcne  Sulphocyanatc  C^l^  \  qp>T  is  a  white  solid,  crystallizing  iu 

plates.  It  is  produced  by  heating  ethene  bromide  ;iiv'ith  potassium 
sulphocyanate. 

Etlunedisulphonic  Acid  CgH^  \  SO^H* — ^^^^  bibasic  acid  is  formed 

by  oxidizing  the  sulphide,  hydrosulphide,  or  sulphocyanate  of  ethene 
with  strong  nitric  acid.  It  is  also  produced  by  heating  ethene  di- 
bromide  with  potassium  sulphite.  It  is  a  crystalline  solid,  which  is 
very  soluble  in  water,  and  has  a  very  sour  taste.  The  barium  salt 
crystallizes  in  hexagonal  plates,  and  is  not  decomposed  by  boiling 
nitric  acid. 


NITROGEN   BASES  OF  ETHENE. 


Thes6  compounds  are  formed  by  the  action  of  ethene  dibromide  on 
alcoholic  ammonia,  the  following  reactions  taking  place : — 


=  Ni 


C  H 
CjH^Brj  +  2NHj  =  N,^  H*,  *  +  2HBr 

H. 


2CjH^Br2  +  4NH3  =  Nj-j  C^H^  +  2HBr  +  2NH^Br 


SCgll.Brg  +  6NH3  =  ^A  C2H4  +  2HBr  +  4NH,Br 


By  adding  caustic  potash  to  the  hydrobromides  thus  formed  the- 
bases  are  set  free,  and  may  be  separated  by  fractional  distillation. 

Eilunediamine  CJlJi^VL^^  is  a  strongly  alkaline  liquid,  possessing 
an  ammoniacal  smell  and  caustic  taste,  and  boiling  at  123^  Nitro- 
iren  trioxide  converts  it  into  ethene  oxide : — 

C2H4(NH2)2  +  Nj03  =  CgH.O  +  2H,0  +  2N2 

The  hydrochloride  of  this  base  has  been  obtained  in  quantity  by 
heating  the  impure  ethene  dichloride,  obtained  in  the  manufacture  of 
chloral,  with  an  excess  of  alcoholic  ammonia  for  ten  hours  to  110^ 
The  product  is  distilled  in  order  to  remove  alcohol,  dichlorethane  and 
other  clilorides,  and  the  residue  rccrystallized  from  water. 

By  acting  on  cthenediamine  with  ethyl  iodide  the  hydrogen  of  the 
amido-groups  is  re^Jaced  by  ethyl,  the  final  product  being  hexcthyU 
etluncdiammonium  di-iodide  NgCCjjH ^(CgHj)^!^,  which  when  treated 
C  0 
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with  silver  oxide  aud  water  yields  the  corresponding  hydroxide,  a 
strongly  alkaline  and  caustic  substance. 

Didhen^diaminc  (CgHJgNgHo  boils  at  170°,  and  combines,  like 
ethenediamine,  with  two  equivalents  of  an  acid,  forming  crystallized 
salts.  The  two  hydrogen  atoms  in  the  groups  NH  can  also  be  replaced 
by  alcohol  radicals. 

Triethcncdiaminc  {C^^^.2  ^^^^^  ^^  210°,  and  combines  with  ethene 
dibromide  to  form  tetrethene-avimonium  dibromidc  "NJ^CJd^JiT^. 

The  triamines  of  the  monad  alcohol  radicals  act  upon  ethene 
dibromide  in  a  peculiar  manner.  Thus  trimethylamine  and  ethene 
dibromide  i-eadily  combine,  and  form  monohromethyl'triviethylamvio- 
nit^in  bromide  C2H^Br(CH3)3NBr ;  nascent  hydrogen  converts  this 
compound  into  ethyl-trimethylammonium  bromide  C2H5(CH3)3NBr, 
and  by  the  action  of  moist  silver  oxide  it  yields  choline : — 

C2H,Br(CH3)3NBr  +  Ag^  +  H^O  =  C^H^COH)  (CH3)3N  |  q  ^  gAgBr 


PHOSPHORUS-  AND  ARSENIC-BASES  OF  ETHENE. 

Triethylphosphine  combines  with  ethene  dibromide,  forming  two 
compounds  according  to  the  relative  quantities  of  the  two  con- 
stituents : — 

Triethyl-bromethylphosphonium  bromide  C2H^Br(C2H5)3PBr. 

//Q  XT  \  p  "1 
^^v.^x.vx*^*  >.v ^ — ^^ ^«*.^^  W2**4  J  /pV\  p  1  Brg. 

The  monobromide  crystallizes  in  regular  dodecahedrons ;  on 
heating  its  aqueous  solution  with  silver  chloride  it  yields  the 
compound  C2H^Br(C2H5)3PCl,  but  by  acting  on  it  with  moist  silver 
oxide  all  the  bromine  is  replaced  by  hydroxyl,  and  the  ammonium 

base    2    4I      A  2    5)3^  v  0  is  formed,  the  constitution  of  which  is 

analogous  to  that  of  choline. 

The  second  bromide  con*esponds  to  the  compounds  formed  by 
uniting  ethenediamine  with  the  iodides  of  monad  alcohol  radicals. 

Triethylarsine  acts  upon  ethene  dibromide  in  a  similar  manner  as 
the  ])hosphorus-base. 
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ETHIDENE    COMPOUNDS. 


CH3, 


The  radical  ethiJene    |       which  is  isomeric  with  ethene,  does  not 

CH 

CH3 
exist  in  the  free  state ;  its  oxide  is  acetaldehyde    I 

CHO 
Ethidene  Dichloride  CgH^Clg  is  identical  with  dichlorethane,  and  is 
formed  by  the  action  of  chlorine  upon  ethyl  chloride  as  well  as  by 
distilling  aldehyde  with  phosphorus  pentachloride.     It  boils  at  58°. 

CH3  C/H3 


h 


+  PC],  =  I  +  POCI5 

HO  CHClo 


Acetal  C^^[OC^X—T)nsi  isomerideofdiethylethenate  is  obtained 
as  a  by-product  in  the  preparation  of  aldehyde,  and  is  also  formed 
by  heating  aldehyde  with  alcohol  to  100°  in  sealed  tubes : — 


CHg  CH3 


I  ^^+  2C,H5.0H  =  j^^  ^  OC,H  +  "«° 


CHO  CH  I  XoO 

2^5 


{ 


or  by  the  action  of  sodium  ethylate  upon  ethidene  dichloride. 
Acetal  is  a  limpid  liquid,  possessing  a  refreshing  odour,  and  boiling  at 
104°.  On  oxidation  it  yields  aldehyde  and  acetic  acid,  and  by  heating 
it  with  acetic  acid,  ethyl  acetate,  aldehyde,  and  water  are  formed. 

When  a  mixture  of  methyl  alcohol  and  ethyl  alcohol  is  oxidized 
by  manganese  dioxide  and  dilute  sulphuric  acid,  a  number  of  pro- 
ducts   are   formed,   among    which    are    found    methyl-ethyl    acetal 

C2H4  -!  Qp  -r| ,  boiling  at  85°,  tm^  dimethyl  acetal  CgH^  \  QpTj^'  boiling 

at  65°.     The  latter  compound  exists  also  in  crude  wood-spirit. 

By  distilling  methyl  alcohol  with  the  above  oxidizing  mixture,  it 
yields  methyl  formate  and  a  liquid  called  methylal  C3H8O2,  boiling 
at  42°,  and  possessing  an  agreeable  odour.  Tliis  body  has  most  pro- 
bably the  constitution  CH2{OCH3)2,  standing  in  the  same  relation  to 
formaldehyde  as  acetal  to  acetaldehyde. 

Aldehyde  combines  with  ethyl  chloride,  forming  the  compound 

r  CI 
CgH^  -J  or  TT  '  ^  liquid  boiling  with  decomposition  at  about  100°,  and 

yielding  acetal  by  the  action  of  sodium  ethylate : — 

CHj  CH3 

I      ,  p,         +  NaO.C,H,  =  I  _  .  on  TT  +  NaCl 


CH  t  OC2H,  ^H  t  oc^. 


0  2 
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When  aldehyde  is  heated  with  acetic  anhydride  to  180°,  combina- 
tion takes  place,  and  ethidenc  diacetatc  is  produced : — 

CH,CHO  +  O  { Ifj,  =  C1I,CH  {  ^§{{30 

This  compound  is  an  oily  liquid,  boiling  at  169°,  and  possessing  an 
alliaceous  odour. 

The  compounds  formed  by  the  union  of  chloral  with  water  and 
alcohols  (page  146)  have  to  be  regarded  as  compounds  of  trichlor- 
ethidene : — 

Chloral  Hydrate  or 
Trichlorethidene  Alcohol.  Chloral  Alcoholate. 

CCI3.CH    I    QJJ  CCI3.CH    -^     Q^^JJ^ 

By  treating  chloral  alcoholate  with  phosphorus  pentachloride  the 

C  HCl  ) 
hydroxyl  is  replaced  by  chlorine,  and  tetrachlorethyl  oxide    2       4  j.  o 

is  formed  (see  page  112). 


OLYCOLLYL    COMPOUNDS. 
GLYCOLLIC  ACID  OR  OXACETIC  ACID   CgH^Og. 

Tliis  acid  can  be  produced  ^y  different  reactions.     It  is  formed  by 
oxidizing  glycol  with  weak  nitric  acid : — 

CH2.OH  CHj-OH 


i 


JHj.OH  CO.OH 


and  also  by  heating  metallic  chloracetates  or  bromacetates  with 
water : — 

CHjCl  CH2.OH 

I  +  H«0  =  I  +  KCl 

CO.OK  CO.OH 

Glycollic  acid  is,  however,  more  conveniently  prepared  by  oxidizing 
ethyl  alcohol  with  nitric  acid.  One  volume  of  nitric  acid  (l-3;> 
specific  gravity)  is  mixed  with  two  volumes  of  alcohol  (90  per  cent.)  ; 
after  standing  for  some  time  evolution  of  gas  commences.  The  liquid 
is  now  kept  at  a  temperature  of  20°  until  this  evolution  ceases,  and 
then  evaporated  on  a  water-bath  to  the  consistency  of  a  syrup.  The 
residue  is  dissolved  in  water,  and  the  boiling  solution  neutralized  with 
chalk.  On  cooling,  impure  calcium  glycoUat^  ciystallizes  out,  which 
is  boiled  with  milk  of  lime  in  order  to  remove  by-products  (glyoxal 
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and  glyoxylic  acid).  To  obtain  the  pure  acid  the  solution  of  the 
calcium  salt  is  precipitated  with  oxalic  acid,  filtered,  and  the  filtrate 
neutralized  with  lead  carbonate.  The  lead  salt  thus  obtained  is  crys- 
tallized, and  the  pure  salt  dissolved  in  water  Sulphuric  acid  is  then 
added,  but  not  sufficient  to  decompose  all  the  lead  glycoUate,  the 
solution  evaporated  to  dryness,  and  the  residue  exhausted  with  ether. 
On  evaporating  the  ether,  glycollic  acid  crystallizes  out,  forming, 
when  quite  pure,  large  regular  crystals  which  are  very  soluble  in 
water,  deliquesce  in  moist  air,  and  melt  at  79°.  Glycollic  acid  exists 
in  the  juice  of  unripe  grapes,  and  in  the  green  leaves  of  the  Virginia- 
creeper  {Ampelopsis  hederacea). 

Calcmm  Olycollate  (CoHjOg^gCa  is  sparingly  soluble  in  cold  water, 
and  crystallizes  from  a  not  saturated  solution  in  colourless  needles 
usually  grouped  in  stars.  By  adding  silver  nitrate  to  its  solution  a 
white  crystalline  precipitate  of  silver  glycollate  is  formed.  Copper 
glycollate  is  a  greenish-blue  crystalline  powder,  which  is  obtained  by 
mixing  a  solution  of  copper  sulphate  with  a  hot  concentrated  solution 
of  the  calcium  salt. 

Glycollyl  Chloride  CjHjOClg  is  obtained  by  the  action  of  phosphorus 
pentachloride  on  the  acid;  it  is  identical  with  monochloracetyl  chloride, 
and  yields  with  water  monochloracetic  acid.  The  formation  of  the 
chloride  is  explained  by  the  equation  : — 

CH2.OH  CHjCl 

I  +  2PC1,  =  I  +  2POCI3 

CO.OH  COCl 


GLYCOLLIC  ETHERS. 

Ethylglycollic  Acid  CH2(OC2H5) CO.OH  is  produced  by  the  action 
of  sodium  ethylate  upon  sodium  monochloracetate.  To  prepare  the 
free  acid  the  copper-salt  is  decomposed  by  hydrogen  sulphide.  It  is 
a  thick,  colourless  liquid,  boiling  at  about  200^  and  having  a  very 
sour  taste  like  glycollic  acid. 

Ethyl  Glycollate  CH2(OH)C0.002H6,  a  neutral  liquid,  soluble  in 
water,  is  obtained,  together  with  glycollic  anhydride,  by  heating 
ethyl  monochloracetate  with  sodium  glycollate : — 

CHXl  CH2.OH      CH2.OH         CHj. 

I  +1  =1  +  1      >0  +  NaCl 

CO.OC2H5      CO.OXa      CO.OCjHj      CO 

Duthyl  Glycollate  CHgCOCoHJCO.OCjHg  is  conveniently  prepared 
by  dissolving  sodium  in  absolute  alcohol,  and  mixing  this  solution 
gradually  with  ethyl  monochloracetate ;  the  mixture  is  heated  for 
some  time,  and  the  ether  separated  fi-om  the  alcohol  by  fractional 
distillation.  It  is  a  colourless  liquid,  boiling  at  ISo"",  and  possessing 
a  sweetish  taste. 
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CH2.OC2H3O 
Ethyl  Acetylglycollate    \  . — Tliis   ether  is  obtained  by 

CO.OC2H5 
heating  ethyl  monochloracetate  with  potassium  acetate.  It  is  a 
colourless  liquid,  having  a  pleasant  fruity  smell,  and  boiling  at  ITO"*. 
On  distilling  it  with  caustic  potash  it  is  resolved  into  potassium 
glycollate  and  acetic  ether.  Wlien  its  aqueous  solution  is  evaporated 
with  slacked  lime  in  vacuo,  calcium  acetate,  calcium  glycollate,  and 
calcium  acetylglycollate  are  produced:  the  latter  salt  crystallizes  in 
small  prisms. 

CO 

Glycollide  or  Olycollic  AnhydHde    \      J>0. — ^When  glycoUic  acid  is 

CH/ 
heated  above  150°,  it  is  partially  resolved  into  water  and  glycollide. 
The  latter  compound  is  formed  in  larger  quantity  when  potassium 
monochloracetate  is  heated  to  120°.  It  is  a  white  amorphous 
powder.  When  heated  with  water  it  is  slowly  reconverted  into 
glycollic  acid ;  this  change  takes  place  more  quickly  in  the  presence 
of  an  alkali. 

IXiglycollic  Acid  or  Paramalic  Acid. — 0  •!  ptt^pq  oH* — '^^  ^^" 

basic  acid  is  formed  by  the  oxidation  of  diethene  glycol  as  well  as  by 
the  dehydration  of  glycollic  acid.  It  is  also  produced  together  with 
glycollic  acid  when  monochloracetic  acid  is  boiled  with  milk  of  -lime 
and  calcium  chloride.  It  forms  large  monoclinic  crystals,  and  is  very 
soluble  in  water.  When  it  is  heated  with  fuming  hydriodic  acid  it 
splits  up  into  acetic  acid  and  glycollic  acid,  and  if  the  hydriodic 
acid  be  in  excess  the  glycollic  acid  is  also  reduced  to  acetic  acid  : — 


(^^    °  {  CH*  CO  OH  ■*■  ^^^  "  HO.CH2.CO.OH  +  CH3.CO.OH 


+  1 


2 


GH2.OH  CHg 

+  2HI  =  I 
CO.OH  CO.OH 


^^)     \     -        +  2HI  =  I  +  H,0  +  L 


■2^  -T-  ■■2 


Diglycollic  acid  is  metameric  with  malic  acid. 

CH2.SO3H 

Sulphacetic  Acid   \  . — This  acid  is  obtained  by  heating  a 

CO.OH 
mixture  of  glacial  acetic  acid,  and  sulphur  trioxide  for  some  time, 
diluting  with  water  and  neutralizing  with  lead  carbonate.  The  acid 
prepared  from  the  lead  salt  by  liydrogen  sulphide  crystallizes  in 
transparent  prisms;  it  is  readily  soluble  in  water  and  a  strong 
bibasic  acid. 

It  is  also  produced  by  the  action  of  fuming  sulphuric  acid  upon 
acetonitrile  or  acetamide : — 
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i 


'2 


10H=  •     ^^  t---2|0H 


O.NH.  ^  ^'^      CO.OH 


and  its  sodium  salt  has  also  been  obtained  by  boiling  a  solution  of 
sodium  sulphite  with  sodium  monochloracetate  : — 

CHoCl  .  ^.       CHg-SOoNa 

I     ^        +S03]JtJ=|  +ClNa 

CO.ONa  ^^*      CO.ONa 

When  sulphacetic  acid  is  heated  with  sulphur  trioxide  it  is  con- 
verted into  methionic  acid  or  methsnedisulphonic  acid : — 


I  +  SO3  =  CH,  \  5o^5  +  CO., 


This  acid  is  of  course  also  formed  when  acetamide  or  acetonitrile 
are  heated  with  a  large  excess  of  fuming  sulphuric  acid. 

Methionic  acid  is  the  lower  homologue  of  ethenedisulphonic  acid 
(see  Ethene  Compounds),  and  is  the  second  member  of  a  series  of 
sulphonic  acids,  which  may  be  considered  as  substitution-products  of 
marsh-gas,  the  first  being  mcthylsvlphonic  a^nd  CH3.SO3H,  a  com- 
pound formed  by  the  oxidation  of  methyl  mercaptane,  and  the 
third  is  methenyltrisulphanic  add,  a  compound  already  described  (see 
page  103)  : — 

Afetliylsolplionic  Acid.  Mtthenedisnlphonic  Acid.      MethenvltrlBiilpboiiic  Acid.. 

CH3.SO3H  CH,(S03H)3  CH(S03H)3 


GLTCOLLTC  AMIDES. 


CH2.OH 


OlycoUamide  \  is  produced  by  the  action  of  dry  ammonia 


CO.NH2 


upon  glycoUide  or  ethyl  glycollate.  It  is  soluble  in  water,  crystal- 
lizing in  colourless  crystals  with  a  slightly  sweet  taste.  It  forms 
very  unstable  salts. 

CH2.NH2 
Glycocol  or  Amidacetic  Acid  I  . — This  compound,  also  called 

COOH 
(jlycocincy  is  formed  by  heating  monochlor-  or  monobromacetic  acid 
Avith  ammonia.  It  is  a  product  of  decomposition  of  glycocholic  and 
hippuric  acids,  and  is  also  produced  when  glue  is  boiled  with  dilute 
sulphuric  acid.  It  forms  large  transparent  crystals,  possessing  a 
sweet  taste.  It  is  a  weak  acid,  the  copper-salt  being  the  most 
characteristic. 
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It  is  obtained  by  dissolving  copper  hydroxide  in  a  boiling  solution 
of  glycocol ;  on  cooling  the  salt  crystallizes  in  fine,  dark  blue  needles 
[CH2(NH2)C02].,Cu  +  H^O.  Silver  amuhcetate  CH2(NH2)C02Ag 
separates  from  a  hot  solution  in  colourless  crystals. 

Glycocol  is  an  acid,  but  at  the  same  time  also  an  amine,  and  com- 
bines therefore  with  acids. 

Glycocol  Hydrochloiide  CgHjOg-NHjCl  is  very  soluble  in  water,  and 
crystallizes  in  prisms  ;  with  platinic  chloride  it  forms  the  double  salt 
2(C2H302.NH3C1)  4-  PtCl^,  which  is  soluble  in  water  and  alcohol. 
Glycocol  also  combines  with  several  salts  as  silver  nitrate,  &c.  &c, : — 

CH2.NH3.NO3 

CO.OAg 

When  glycocol  is  heated  with  caustic  baryta  it  is  resolved  into 
,  methylamine  and  carbon  dioxide  : — 

CH2(NH2)C02H  =  CH3.NH2  +  CO2 

Nitrous  acid  converts  it  into  glycollic  acid : — 

CH2(NH2)C02  +  NO.OH  =  CH2(OH)C02H  +  nfi  +  N^ 

CHj-NHCCHj) 

MethyUglycocol  or  Sarcosine     \  . — This  compound  was 

CO.OH 
first  obtained  by  boiling  creatine  with  baryta-water  (see  Creatine),  and 
can  easily  be  obtained  by  acting  with  methylamine  upon  mono- 
chloracetic  acid.  It  forms  colourless  crystals  possessing  a  burning 
sweet  taste  ;  when  heated  it  melts,  and  sublimes  without  decomposi- 
tion. It  combines  with  acids ;  the  most  characteristic  of  its  salts  is 
the  platinum  double  compound  2[C2H302.N(CH3)H2C1]  +  PtCl^.  which 
crystallizes  in  large  pale-yellow  octahedrons. 

Similar  compounds  are  formed  by  the  action  of  ethylainine  and 
diethylamine  upon  monochloracetic  acid : — 

Ethyl  Glycocol.  Diethyl-Glycocol. 

CH2.N(C,H^H  CH2.N(C,H5)2 


CO.i 


CO.OH  CO.OH 


CH2.NH2 


GlycoUyldiamide  \  . — This  compound  is  produced,  but  not 

CO.NH. 
readily,  by  heating  monochloracetic  acid  or  glycocol  with  a  solution  of 
ammonia  in  absolute  alcohol.  It  is  a  crystalline,  deliquescent  mass, 
having  an  alkaline  reaction ;  it  combines  readily  with  carbon  dioxide, 
and  with  acids,  forming  crystalline  salts.  On  boiling  its  aqueous 
solution  it  yields  glycocol  and  ammonia. 
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OXALYL    COMPOUNDS. 
OXALIC    ACID    CgOgCOH)^. 

This  important  compound  exists  in  many  plants  (Oxalis,  Eumex, 
and  Rheum  species),  as  potassium  or  calcium  salt.  Its  sodium- salt 
is  obtained  synthetically  by  passing  carbon  dioxide  over  sodium  heated 
to  360°  :— 

2CO2  +  Na^  =  CjO^Najj 

The  same  salt  is  produced  by  the  action  of  a  high  temperature  upon 
sodium  formate : — 

HCO.ONa      CO.ONa 

HCO.ONa      CO.ONa 

Oxalic  acid  is  an  oxidation-product  of  glycol  and  glycollic  acid ; 
but  also  many  other  compounds,  belonging  to  the  group  of  fatty 
substances,  yield  oxalic  acid  as  the  final  product  of  the  action  of 
nitric  acid.  Many  of  these  bodies  are  also  converted  into  oxalic  acid 
by  fusing  them  with  caustic  potash. 

Acetic  acid  is  oxidized  to  oxalic  acid  by  heating  it  with  a  strongly 
alkaline  solution  of  potassium  perman^nate. 

Pure  oxalic  acid  is  best  obtained  by  heating  one  part  of  cane-sugar 
with  eight  parts  of  nitric  acid  as  long  as  red  fumes  are  given  off. 
The  acid,  crystallizing  out  on  cooling,  is  purified  by  recrystallization 
from  boiling  water. 

Commercial  oxalic  acid  is  produced  by  fusing  saw-dust  with  a 
mixture  of  caustic  potash  and  soda  in  the  proportion  of  one  equival- 
ent of  the  former  to  two  of  the  latter.  The  solution  of  the  mixed 
alkalis  having  been  evaporated  to  about  1*35  specific  gravity,  saw-dust 
is  introduced  so  as  to  form  a  thick  paste,  which  is  placed  on  iron 
plates  in  thin  layers  and  gradually  heated,  the  mass  being  kept 
constantly  stiiTed.  During  this  process  water  is  in  the  first  instance 
given  off;  the  mass  then  swells  up  and  disengages  inflammable  gases, 
consisting  of  hydrogen  and  hydrocarbons,  an  aromatic  odour  at  the 
same  time  being  evolved.  After  the  temperature  has  been  maintained 
at  200"  for  one  or  two  hours,  the  whole  of  the  woody  fibre  is  decom- 
posed and  the  mass  is  entirely  soluble  in  water.  It  contains,  however, 
only  from  1 — 4  per  cent,  of  oxalic  acid  and  about  05  per  cent,  of 
formic  acid.  The  mass  is  now  exposed  still  longer  to  the  same  tem- 
perature, care  being  taken  to  avoid  any  charring,  which  would  cause 
a  loss  of  oxalic  acid.  When  perfectly  dry  it  contains  the  maximum 
quantity  of  oxalic  acid,  viz.  28 — 30  per  cent,  of  CgO^H,  +  2H,0,  but 
no  acetic  acid,  and  very  little  more  formic  acid  than  before.  The 
product,  which  is  a  grey  powder,  is  in  the  next  place  treated  with 
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water;  in  this  sodium  and  potassium  salts  dissolve,  whilst  sodium 
oxalate  is  left  behind.  The  supernatant  liquid  is  drawn  oflf  and 
evaporated  to  dryness,  and  the  residual  mass  heated  in  furnaces  to 
destroy  the  organic  matter,  and  recover  the  alkalis.  The  sodium 
oxalate  is  decomposed  by  boiling  with  milk  of  lime,  and  the  resulting 
calcium  oxalate  decomposed  by  means  of  sulphuric  acid,  and  the 
liquor  decanted  from  the  calcium  sulphate  evaporated  to  crystalliza- 
tion. From  about  two  parts  of  saw-dust  one  part  of  crystallized 
oxalic  acid  is  obtained.  The  commercial  acid  always  contains  a  trace 
of  alkali,  which  cannot  be  completely  removed  by  i*ecrystallization. 

Oxalic  acid  crystallizes  in  colourless  prisms  C2H2O4  +  2H2O,  which 
at  100"*  lose  their  water,  and  crumble  down  to  a  white  powder.  The 
crystallized  acid  dissolves  in  8  parts  of  water  at  the  common 
temperature,  and  in  about  its  own  weight  of  boiling  water ;  it  is  also 
very  soluble  in  spirits  of  wine.  It  has  an  intensely  sour  taste,  and  is 
very  poisonous,  the  antidotes  being  chalk  or  magnesia. 

Hie  anhydrous  acid  sublimes  when  carefully  heated ;  its  vapours  are 
very  irritating.  On  heating  the  crystallized  acid  quickly  it  is  resolved 
into  carbon  monoxide,  carbon  dioxide,  water,  and  formic  acid.  Oxidiz- 
ing agents  convert  it  into  water  and  carbon  dioxide ;  this  reaction  is 
made  use  of  in  volumetric  analysis  to  determine  the  strength  of  a 
solution  of  potassium  permanganate  : — 

KgMnjOg  +  3H2SO,  +  5C20,H2  =  K^SO,  -h  2MnS0^  +  SH^O  +  IOCO2 

By  boiling  oxalic  acid  with  zinc  and  sulphuric  acid  it  is  reduced 
to  glycoUic  acid : — 

CO.OH  CH2.OH 


-h  2H2  =  I  +  H2O 

CO.OH  CO.OH 

The  hydroxyl  of  oxalic  acid  cannot  be  replaced  by  chlorine;  by 
acting  on  it  with  phosphorus  pentachloride,  it  is  decomposed  accord- 
ing to  the  equation : — 

PClfi  +  C2H2O,  =  POCI3  +  2HC1  +  CO  +  CO2 


OXALATES. 

Oxalic  acid  is  a  powerful  bibasic  acid,  decomposing  dry  sodium 
chloride  when  heated,  with  the  evolution  of  hydrochloric  acid,  and 
converting  sodium  chloride  or  nitrate  in  solution  into  sodium 
binoxalate. 

Potassium  Oxalates. — The  normal  salt  Cfi^K^  +  HjO  forms  mono- 
clinic  crystals,  and  is  readily  soluble  in  water.  The  acid  salt 
C2O4HK  +  H2O  is  less  soluble,  and  possesses  a  sour  taste;  it 
occurs  in  several  species  of  Bumex  and  Oxalis.  It  combines  with 
oxalic  acid,  forming  the  so-called  potassium  quadroxalate  CgO^HK 
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+  CgO^Hg  +  2H2O,  a  salt  sparingly  soluble  in  water  and  crystallizing 
in  large  octahedrons.  The  two  acid  oxalates  are  known  in  commerce 
by  the  name  of  "  salts  of  sorrel,"  or  "  salts  of  lemon." 

Normal  Sodium  Oxalate  CgO^Na  is  a  white  sandy  powder,  and 
only  slightly  soluble  in  cold  water. 

Ammonium  Oxalate  CfiJ^^^H^)^  +  Ufi  crystallizes  in  rhombic 
prisms,  and  is  used  as  a  reagent  for  calcium  salts. 

Calcium  Oxalate  CgO.Ca  occurs  in  the  form  of  quadratic  prisms, 
containing  three  molecules  of  water,  in  the  cells  of  different  plants 
(rhubarb-root,  lichens,  &c.),  and  in  urine  and  other  animal  fluids. 

It  also  forms  the  chief  constituent  of  the  urinary  calculi  called 
"  mulberry  stones."  When  a  neutral  solution  of  a  calcium  salt  is 
mixed  with  that  of  an  oxalate,  a  crystalline  precipitate  of  calcium 
oxalate  is  formed,  even  in  highly  diluted  solutions ;  it  is  insoluble  in 
water  and  acetic  acid,  but  readily  dissolves  in  dilute  nitric  and 
hydrochloric  acids. 

Ferrous  Oxalate  Gfi^Ye  is  obtained  as  a  bright  yellow  precipitate 
by  mixing  solutions  of  oxalic  acid  and  ferrous  sulphate.  Ferric 
oxalate  (CgOJgFeg  is  very  soluble  in  water,  and  is  readily  formed  by 
dissolving  ferric  hydroxide  in  a  solution  of  oxalic  acid. 

The  oxalates  of  lead,  mercury,  and  silver  are  heavy  white  preci- 
pitates. The  silver  and  mercury  salts  decompose  with  a  sudden  flash 
when  heated,  but  on  percussion  the  latter  explodes  violently. 


ETHERS  OF   OXALIC   ACID. 

Methyl  Oxalate  C204(CH3)«. — The  preparation  of  this  ether  has 
been  already  described  (see  Methyl  Alcohol).  It  forms  large  rhombic 
crystals,  melting  at  5V  and  boiling  at  162°.  It  is  soluble  in  water, 
which  decomposes  it  slowly  in  the  cold,  quickly  on  boiling,  into 
methyl  alcohol  and  oxalic  acid. 

Fthyl  Oxalate  CfiJ^C^H^^  ^^  produced  by  distiUing  absolute  alcohol 
with  anhydrous  oxalic  acid.  It  is  a  colourless  liquid,  boiling  at  186°. 
Water,  in  which  it  is  only  sparingly  soluble,  acts  on  it  in  a  similar 
manner  as  on  the  methyl-ether. 

By  acting  on  it  with  an  alcoholic  solution  of  caustic  potash  in  the 

f  K 

cold,  potassium  ethyloxalaie  CgO^  1  n  H  ^^P^^^^^  ^  crystals.  Ethyl- 
oxalic  acid  is  also  formed  as  a  by-product  in  the  preparation  of  etliyl 
oxalate.  It  is  a  very  unstable  compound,  and  scarcely  known  in  the 
pure  state ;  when  it  is  heated  it  splits  up  into  carbon  dioxide  and 
ethyl  formate  : — 

CO.OC2H5 


«=  CHO.OCJij  4-  CO2 
CO.OH 
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riiosphorUvS  oxychloride  acts  violently  upon  potassium  etliyloxalate, 

f  CI 
the  chloride  of  cthyloxalw  acid   C^Og  <  ^p  -rr  being  fotmed,  a  limpid 

liquid,  boiling  at  140''  and  possessing  a  suffocating  smell.  It  fumes 
in  the  air,  and  is  acted  upon  by  water  and  alcohol  like  other  aciil 
chlorides. 

When  sodium  amalgam  is  added  to  a  solution  of  ethyl  oxalate  iu 
alcohol  the  oxalic  acid  is  reduced  to  glycollic  acid  and  tartaric  acid. 
But  wlien  sodium  amalgam  acts  upon  dry  ethyl  oxalate,  the  reaction 
is  different,  the  chief  product  consisting  of  desoxalic  acid^  a  com- 
pound to  be  described  further  on. 

Sodium  or  potassium  dissolve  in  ethyl  oxalate  with  the  evolution 
of  carbon  dioxide,  and  the  formation  of  a  black  mass,  which  on  dis- 
tillation yields  ethyl  carbonate,  which  compound  was  first  discovered 
by  this  reaction.  The  same  reaction  takes  place  by  acting  on  oxalic 
ether  with  sodium  ethylate,  which  compound  is  always  first  formed 
by  the  action  of  the  metal  upon  ethyl  oxalate.  Besides  carbon  dioxide 
and  ethyl  carbonate,  other  products  also  are  formed  in  small  quantity, 
such  as  ethyl  alcohol,  formic  acid,  &c. 


AMIDES   OF  OXALIC    ACID. 


Oxamide  CfijiJSll^^  is  obtained  by  the  action  of  aqueous  ammonia 
upon  oxalic  ether : — 


CO.OC2H5  CO.NH2 

+  2NH3  =  I  +  2C2H5.OH  • 

O.OC2H5  CO.NH2 


i 


The  same  compound  is  produced  when  normal  ammonium  oxalate 
IS  heated  * 

CA(ONH,)j  =  CA(NH^2  +  2HjO 

When  cyanogen  gas  ig  passed  into  concentrated  hydrochloric  acid,  or 
when  aldehyde  is  added  to  an  aqueous  solution  of  cyanogen,  it  takes 
up  water  and  is  converted  into  oxamide.  On  the  other  hand,  when 
oxamide  is  heated  with  phosphorus  pentoxide  it  is  resolved  into  water 
and  cyanogen  gas.  These  reactions  show  that  dicyanogen  is  the 
nitrile  of  oxalic  acid  or  dicarhoxyl: — 

Dicyanogen.  Dicarboxyl. 

CN  CO.OH 

I     +  4HijO  =  I  +  2NH3 

CN  CO.OH 

Oxamide  is  a  white  crystalline  powder,  which  is  but  sparingly 
soluble  in  water  and  alcohol.    When  it  is'  boiled  with  acids  or  alkalis 
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it  takes  up  water  and  yields  oxalic  acid  and  ammonia.  On  heating  it 
with  mercuric  oxide  it  forms  urea  and  carbon  dioxide. 

Oxamic  Acid  CgOg  -j  -kjtt  is  produced  when  acid  ammonium  oxalate 

is  heated,  and  its  ammonium  salt  is  formed  wlien  oxamide  is  boiled 
with  aqueous  ammonia : — 

c  A  { ?JS:  +  H.0  =  c,o,  { i\ 

Oxamic  acid  is  a  white  crystalline  powder,  which  is  not  very 
soluble  in  water.  It  is  a  monobasic  acid,  forming  well-crystallized 
salts.  By  heating  it  with  water  it  is  reconverted  into  acid  ammonium 
oxalate. 

Ethyl  Oxainutc  (i^oA  Qp  \j  . — This  compound,  also  called  oxam- 

ethane,  is  formed  by  evaporating  a  solution  of  ethyl  oxalate  in  ammo- 
uiacal  absolute  alcohol,  and  is  also  produced  by  the  action  of  dry 
ammonia  upon  the  chloride  of  ethyloxalic  acid.  It  crystallizes  in 
pearly  scales;  aqueous  ammonia  decomposes  it  into  oxamide  and 
ethyl  alcohol. 

EthyUOxamic  Acid  GfiA^^^^^^^  is  metameric  with   the  last 

compound,  and  is  produced  by  heating  acid  oxalate  of  ethylamine  to 
ISO**.  It  sublimes  in  white  interwoven  needles,  and  is  soluble  in 
water  and  a  strong  monobasic  acid. 

r  NH  OH 

Oxalohydroxamic  Acid  or  DUiydroxyl-oxamide   CgOg-l -^^Tr'QTT  is 

formed  by  heating  an  alcoholic  solution  of  hydroxylamine  with  ethyl 
oxalate.  It  forms  colourless  crystals,  and  is  very  sparingly  soluble  in 
cold  water.  "When  heated  to  103°  it  bums  like  gunpowder.  The 
hydrogen  in  the  two  hydroxyls  can  be  replaced  by  metals,  crystalline 
salts  being  formed  which  explode  on  heating. 


ALDEHYDES   OF   OXAUC   ACID. 


13oth  aldehydes  of  bibasic  oxalic  acid  are  known,  viz. : — 

Glyoxylic  Acid.  Glyoxal. 

COH  COH 


CO.OH  COH 

These  compounds  are  produced,  together  with  glycollic  acid,  when 
alcohol  is  oxidized  with  nitric  acid. 

Olyoxyiic  Acid  is  also  produced  on  boiling  oxalic  acid  with  zinc 
and  dilute   sulphuric   acid,  and  on  heating  dichloracetic  acid  with 
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water  and  silver  oxide.  The  latter  reaction  takes  place  in  two  stages. 
First  monochloroglycollic  acid  is  formed: — 

CHCI2  CHCl(OH) 

I  +  H,0  =  I  +  AgCl 

CO.OAg         "        CO.OH 

and  tins  compound  is  by  the  further  action  of  silver  oxide  con- 
verted into  glyoxylic  acid.  The  free  acid  forms  a  sour,  thick,  syrupy 
liquid. 

Glyoxylic  acid  is  easily  oxidized  to  oxalic  acid,  and  like  other 
aldehydes  it  combines  with  the  sulphites  of  the  alkali-metals  forming 

CHaO.SOsNa. 
crystalline   compounds  as   |  When  the  acid  is  heated 

CO.ONa 
with  an  ammoniacal  solution  of  silver  nitrate,  metallic  silver  separates 
out  as  a  brilliant  mirror  : — 

C^H.O,  +  Ag^O  =  C^H^O,  +  H,0  +  Ag^ 

Olyoxal  or  Oxaldehyd^e  CgHgOg. — This  compound  is  isolated  from 
the  crude  calcium  glycoUate  by  treating  it  wuth  alcohol,  which 
dissolves  the  glyoxal  whilst  the  calcium  salts  of  glyoxylic  and 
glycollic  acids  are  left  behind.  On  shaking  the  alcoholic  solution 
with  acid  sodium  sulphite  a  crystalline  precipitate  of  glyoxal-sodium 
sulphite  is  formed,  which  with  barium  chloride  yields  the  correspond- 
ing sparingly  soluble  barium  salt.  By  decomposing  this  compound 
with  dilute  sulphuric  acid,  and  evaporating  the  filtrate,  glyoxal  is  left 
behind  as  a  crystalline,  deliquescent  mass.  By  the  action  of  weak 
nitric  acid  it  yields  glyoxylic  acid,  whilst  a  stronger  acid  oxidizes  it 
to  oxalic  acid.  Alkalis  readily  convert  it  into  glycollic  acid,  even 
more  easily  than  the  isomeric  glycollide  (page  198). 


PROPENE     COMPOUNDS. 

Propene  or  Propylene  CgH^,  a  gas  resembling  ethene,  is  produced 
by  heating  propyl  alcohol  with  concentrated  sulphuric  acid,  or  by  the 
action  of  alcoholic  potash  solution  upon  secondary  propyl  iodide. 
Pure  propene  is  also  readily  obtained  by  bringing  allyl  iodide  CoH^I 
(see  Allyl  Compoimds)  in  contact  with  zinc  and  dilute  hydrochloric 
acid.  When  the  vapours  of  amyl  alcohol  or  isobutyl  alcohol  are 
passed  through  a  red-hot  tube,  or  when  valerianic  acid  is  heated  with 
quicklime,  the  products  of  decomposition  always  contain  a  large  pro- 
portion of  propene.     It  also  occurs  in  coal  gas. 

Propene  is  a  colourless  gas  condensible  to  a  liquid  by  strong 
pressure ;  it  readily  combines  with  hydriodic  acid,  forming  secondary 
propyl  iodide : — 
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CH  +  jj  I  =  CHI 


CH,  CH 


3 


Propene  DiMoride  CgH^Clg,  a  colourless  liquid  smelling  like  ethene 
chloride,  is  produced  by  the  direct  union  of  propene  and  chlorine,  as 
well  as  by  the  action  of  chlorine  upon  propane  or  propyl  chloride.  It 
boils  at  96°. 

Propene  Dibromide  CgHgBrg  is  a  heavy  colourless  liquid  boiling  at 
142**,  which  is  generally  used  for  preparing  other  propene  compounds. 

Propene  Glycol  C3Hg(OH)2  is  obtained  from  propene  dibromide  by 
a  reaction  similar  to  that  by  which  ethene  dibromide  is  converted  into 
ethene  glycol. 

It  is  a  thick  liquid  having  a  sweet  taste,  and  boiling  at  188°.  By 
the  action  of  hydriodic  acid  it  is  reduced  to  secondary  propyl 
iodide. 

On  heating  a  saturated  solution  of  hydrochloric  acid  gas  in  propene 

f  CI 
^yco\,  propene  chlorhydratc  C^Hg-j  >^tt  is  produced,  a  liquid  boiling  at 

127*.  By  the  action  of  caustic  potash  it  is  converted  into  propene 
oxide  CsHgO,  a  liquid  soluble  in  water  and  boiling  at  35°.  It  combines 
with  nascent  hydrogen  to  form  secondary  propyl  alcohol : — 

CHo  CHo 

I  I 

CH  ,      +  H»  =  CH.OH 
CHo  CHo 


ISOMERIDES    OF    PKOPENE    COMPOUNDS. 

Trimeihcne  Dibromide  CjH^Brg. — When  allyl  bromide  CoH^Br,  a 
body  belonging  to  the  non-saturated  compounds,  is  treated  witn  hydro- 
bromic  acid,  two  isomeric  dibromides  are  found.  That  which  is 
obtained  in  a  small  quantity  consists  of  common  propene  dibromide, 
formed  according  to  the  following  reaction  : — 

CHo  CH3 

CH      +H}  =  CHBr 

CHjBr  CHjBr 

The  second  bromide,  which  is  always  present  in  a  larger  quantity, 
is  trimethene  dibromide : — 
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CHjBr 

CH^Br 

CHjBr 

Trimethcne  dibromide  is  a  liquid  boiling  at  163°.  On  heating  it 
with  silver  acetate  and  acetic  acid  it  yields  an  acetate,  which  on 
distillation  with  caustic  baryta  is  converted  into  trimethcne  glycol  or 

(  OTl  OH 

primary 2)ropene  alcohol  OYLA  qjt^qtt  a  thick  liquid,  possessing  a 

sweet  taste  and  boiling  at  about  212". 

.  Propidene  Dichloride  or  MethylcMoraceiol  CgH^Oj  is  formed,  together 
with  the  isomeric  propene  dichloride,  by  the  action  of  chlorine  upon 
propyl  chloride.  The  pure  compound  is  produced  when  dimethyl 
ketone  is  distilled  with  phosphorus  pentachloride : — 


i 


0  +  PCI5  =  CCI2  +  POCI3 


CH3  CHj 


It  is  a  colourless  liquid  boiling  at  70°.  By  the  action  of  sodium  it 
is  converted  into  common  propene,  and  not,  as  might  be  expected,  into 
an  isomeride.  On  treating  it  with  alcoholic  potash  it  )'ields  moiio- 
chloi'opi'opcne  CgHgCl,  a  compound  which  is  also  obtained  by  the  same 
reaction  from  propene  dichloride. 


LACTYL    COMPOITNDS. 


LACTIC  ACID  OR  a  OXYPROPIONIC  ACID  CgH^Og. 

This  acid  can  be  produced  artificially  by  several  reactions  :— 

(1)  By  bringing  propene  glycol  in  contact  with  platinum-black  in 
the  presence  of  air : — 

CH«  CH« 

I  I 

Cn.OH  +  0.  =  CH.OH  +  H,0 

I  I 

CHjOH  CO.OH 

(2)  AVlieii  equal  molecules  of  propionic  acid  and  bromine  are 
heated  in  sealed  tubes  to  150°,  a  Iromopropionic  acid  is  formed,  whicli, 
when  heated  with  water  and  silver  oxide,  is  converted  into  laclic 
acid: — 
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CM3  C/I13 


CHBr  +  AgOH  =  CH.OH  +  AgBr 

CO.OH  CO.OH 

(3)  Anhydrous  prussic  acid  unites  with  aldehyde,  forming  the  com- 
pound OjHjO.CNH,  a  liquid  boiling  with  partial  decomposition  at 
183^  ^kalis  decompose  it  again  into  its  constituents,  but  hydro- 
chloric  acid  converts  it  into  ammonium  chloride  and  lactic  acid : — 

CH3 
CH3    .  I 

I         +  CNH  +  2H2O  +  HCl  =  CH.OH  +  NHXl 
COH  I 

CO.OH 

Lactic  acid  exists  in  the  gastric  juice  and  in  Turkey  opium,  and  it 
is  also  produced  by  the  lactic  feimentation  of  sugar,  gum,  and 
starch.  It  occurs  therefore  in  sour  milk,  sour  cabbage,  in  the  fer- 
mented juice  of  beetroot,  and  in  spent  tan.  It  is  also  formed  together 
with  other  products  when  grape-sugar  is  heated  with  a  solution  of 
caustic  soda. 

Lactic  acid  is  easily  obtained  in  quantity  by  the  following  process : 
3  kilograms  of  cane-sugar  and  15  grams  of  tartaric  acid  are  dissolved 
in  17  litres  of  boiliug  water.  After  the  solution  has  stood  for  a  few 
days,  100  grams  of  putrid  cheese  and  1*2  kilograms  of  zinc- white, 
which  have  been  mixed  to  a  creamy  liquid  with  4  litres  of  sour  milk, 
are  added,  and  the  mixture  is  exposed  to  a  temperature  of  30** — 35® 
for  eight  or  ten  days.  The  product  is  heated  to  the  boiling-point, 
filtered,  and  evaporated  to  cr}  staUization.  The  zinc  lactate  thus  ob- 
tained is  purified  by  recrystallization  from  boiling  water,  then  dis- 
solved in  water,  decomposed  by  hydrogen  sulphide,  and  the  filtrate 
evaporated  on  a  water-bath.  The  residue,  consisting  of  impure  lactic 
acid,  is  dissolved  in  a  small  quantity  of  water  and  the  solution  shaken 
with  ether.  On  evaporating  the  ethereal  solution  pure  aqueous  lactic 
acid  is  obtained,  forming  a  colourless,  syrupy  liquid,  possessing  a  very 
sour  taste. 


LACTATES. 

The  lactates  of  the  alkali  metals  are  very  soluble  in  water,  and  do 
not  crystallize. 

Calcium  Lactate  {C^^JO^JCbl  +  5Hfi  crystallizes  from  a  liot  aqueous 
solution  in  warty  needles.  Zinc  lactate  (C8H,0)2Zn  +  3H^0  is  the 
most  characteristic  salt  of  this  acid  ;  it  crystallizes  in  shimng  four- 
sided  prisms,  and  dissolves  in  six  parts  of  boiling  and  fifty-eight  parts 
of  cold  water ;  it  is  insoluble  in  alcohoL    Ferrous  lactate  (C^fi^JPe 

a  p 
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+  SHgO  is  prepared  by  dissolving  iron  filings  in  sour  whey.  It 
forms  nearly  colourless  crystalline  crusts ;  it  is  but  sparingly  soluble 
in  water,  and  is  used  in  medicine. 

When  a  mixture  of  lactic  acid  and  phosphorus  di -iodide  P2I4  is  in- 
troduced in  water,  a  iodapropionic  acid  is  formed,  an  oily  liquid 
insoluble  in  water,  which,  when  heated  with  strong  hydriodic  acid 
to  150°,  is  converted  into  propionic  acid.  This  transformation  of 
lactic  acid  into  propionic  acid  is  explained  by  the  following  equa- 
tions : — 

(1)    CH.OH  +  HI  =  CHI      +HjO 


I 

CO.OH  CO.OH 


C0.( 


(2) 


CH,  CH, 

CHI      +  HI  =  CH,  +  T, 

I 
OH  CO.OH 


CO. 


Lactyl  Chloride  CjH^OCl,. — ^This  compound  is  obtained  by  distil- 
ling two  molecules  of  phosphorus  pentachloride  with  one  molecule  of 
calcium  lactate.  It  is  a  fuming  liquid,  which  has  not  been  obtained 
quite  fi'ee  from  phosphorus  oxychloride.  It  is  decomposed  by  cold 
water  with  the  formation  of  hydrochloric  acid  and  a  eJUoroprqpionie 
acid,  a  colourless  liquid,  boiling  at  186°. 

CHj  CH, 


A 


I 

HCl  +  HjO  =  CHa  +  HCl 
OCl  CO.OH 


ETHERS  OF  LACTIC  ACID. 


Ethyl  Lactate,  a  colourless  neutral  liquid  boiling  at  156^  is  produced 
by  heating  lactic  acid  with  absolute  alcohoL  It  is  soluble  in  water ; 
its  aqueous  solution  soon  turns  acid,  being  decomposed  into  alcohol 
and  lactic  acid.  Sodium  dissolves  in  ethyl  lactate  with  the  evolution 
of  hydrogen.  On  heating  the  sodium  compound  thus  formed  with 
ethyl  iodide,  diethyl  lactate  is  formed,  a  liquid  possessing  an  agree- 
able odour,  and  boiling,  like  the  monolactate,  at  ISG"".  By  the  action 
of  hot  potash-solution  it  yields  potassium  ethyllactate ;  the  free 
ethyllactic  acid  is  as  yet  very  little  known.  The  constitution  of 
these  ethers  is  shown  by  the  following  formulae: — 
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Ethyl  Lactate.  Ethyllaotio  Acid.  Diethyl  Lactate. 

CMj  CH3  ^^8 

CH.OH  cRoan.  caoCoH. 

I  I  I 

CO.OC2H5  CO.OH  CO.OCjHg 

Acetyllactie  Acid  or  Lactyl  Acetate  CH3.CH(OCjH30)CO-H.— 
When  ethyl  lactate  is  heated  with  acetyl  chloride,  the  ethyl-ether  of 
acetyl-lactic  acid  is  formed  : — 

CH.  CH. 

CH.OH      +  CjHjOCl  =  CH.OCjH^O  +  HCl 

CO.OC2H5  CO.OC2H5 


Ethyl  acetyllactate  is  a  liquid  boiling  at  177^  and  possessing  a 
fruity  smell.  On  heating  it  with  water  for  2 — 3  hours  to  150**  it  de- 
composes into  alcohol  and  acetyllactie  acid,  a  thick,  very  sour  liquid. 

Nitrolactic  Add  or  Lactyl  Nitrate  CH8.CH(ON02)C02H  is  pro- 
duced by.  dissolving  lactic  acid  in  a  mixture  of  concentrated  nitric 
and  sulphuric  acids.     It  is  a  colourless,  viscid  liquid,  possessing  a 
very  sour  taste  and  a  faint  nitrous  odour ;  in  pure  water  it  dissolve? 
but  sparingly,  but  readily  in  dilute  acids.    It  is  a  veiy  unstable  com 
pound,  decomposing  slowly  at  the  ordinary  temperature,  and  quickly 
on  heating,  with  the  evolution  of  nitrous  fumes.    Caustic  alkali, 
quickly  convert  it  into  a  nitrate  and  a  lactata 

Ethyl  Niirolactate  CHyCH(ON02)C02.C2H5.— To  obtain  this  com- 
pound, ethyl  lactate  is  dissolved  in  concentrated  nitric  acid ;  on  add- 
ing sulphuric  acid  to  this  solution  the  ether  separates  out  as  an  oily, 
limpid  liquid,  possessing  an  agreeable  odour  and  pungent  sweet  taste. 
It  boils  with  slight  decomposition  at  178^  and  bums  like  nitrolactic 
acid  with  a  brilliant  flame. 

Lactic  Anhydride  C^^K^fij., — When  lactic  acid  is  heated  to  150"*, 
water  is  formed,  and  a  yellowish  amorphous  residue  is  obtained, 
which  is  commonly  called  lactic  anhydride.  The  same  compound  is 
formed  by  heating  potassium  lactate  with  a  bromopropionic  acid.  The 
latter  reaction  shows  that  this  compound  is  an  ether,  containing  two 
residues  of  lactic  acid,  one  playing  the  part  of  an  alcohol  radical,  and 
the  other  that  of  an  acid  radical : — 

CH, 
CH,  CH,         I 


I  I  CH.OH     CH, 

CH.OH  +  CHBr  =  I 
I  I  CO.O 


.OH  +  CHBr  =1  I       +  KBr 


U' 


CO.OK      CO.OH  I 

CO. 


OH 
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This  etherification  also  takes  place  slowly,  when  an  aqueous  solu- 
tion of  lactic  acid  is  allowed  to  remain  over  sulphuric  in  vaaio,  and 
for  this  reason  pure  anhydrous  lactic  acid  is  not  obtainable. 

The  anhydride  is  very  slowly  decomposed  by  water  alone,  but 
quickly  in  presence  of  alkalis,  into  two  molecules  of  lactic  acid. 

Lactide  CjH^Og. — When  the  so-called  anhydride  is  heated  to  210**, 
lactide,  or  the  real  lactic  anhydride,  is  formed.  It  crystallizes  from 
alcohol  in  shining  rhombic  plates,  and  is  sparingly  soluble  in  water, 
with  which  it  slowly  combines,  to  form  lactic  acid.  When  quickly 
heated  it  splits  up  into  carbon  monoxide  and  aldehyde : — 


CH3 


CH, 


CH       =  I         +  CO 
I     ))0      CHO 


CO 


AMIDES  OF  LACTIC  ACIP. 


Lactamide  CjH^(OH)CONHj  is  formed  by  the  combination  of 
lactide  with  dry  ammonia  : — 


CH, 

CH, 

CH. 

CO 

+  NH, 

=  CH.OH 
CO.NHj 

The  same  compound  is  produced  by  heating  ethyl  lactate  with 
ammonia;  it  is  freely  soluble  in  water,  and  crystallizes  in  plates, 
melting  at  74"*.  When  it  is  heated  with  potash-solution,  ammonia 
is  evolved  and  potassium  lactate  is  formed. 

Alanine  or  Amidopropionic  Acid  C2H^(NH2)C02H. — This  com- 
pound is  obtained  by  heating  ethyl  a  chloropropiouate  with  am- 
monia, or  by  boiling  two  parts  of  aldehyde-ammonia  and  one  part  of 
anhydrous  prussic  acid  with  an  excess  of  dilute  hydrochloric  acid : — 

CH3  CH3 

CH.NH2  +  CNH  +  g  1 0  +  HCl  =  CH.NH2  +  NH^Cl 

OH  CO.OH 

On  evaporating  the  solution  a  mixture  of  sal-ammoniac  and  alanine 
hydrochloride  crystallizes  out.  The  latter  is  dissolved  in  absolute 
alcohol,  and  the  solution  treated  with  lead  hydroxide,  lead  chloride 
being  formed  and  lead  amidopropionate,  which  is  decomposed  with 
hydrogen  sulphide.      Alanine  crystallizes  froui  an  alcoholic  solution 
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in  shining  prisms  which  are  freely  soluble  in  water,  but  sparingly  in 
alcohol  and  insoluble  in  ether.  Its  solution  has  a  neutral  reaction 
and  a  sweet  taste.  On  heating  it  carefully  it  sublimes,  but  when  the 
temperature  is  raised  quickly  a  large  portion  splits  up  into  carbon 
dioxide  and  ethylamine: — 


=  C.H..NH.  +  CO. 
.OH 


CO.i 


like  glycocol  it  combines  with  acids,  yielding  soluble  salts ;  it  also 
forms,  as  acid,  metallic  salts.  Nitrous  acid  acts  on  it  as  on  other 
amido-compounds,  lactic  acid,  nitrogen,  and  water  being  formed  : — 

C2H^.NH2  CgH^-OH 

I  +  NOgH  =1  +  Ng  +  HgO 

CO.OH  CO.OH 

f  OH 
Trichlorolactie  Acid  CCI3.CH  -J  ^q  ^„, — When  chloral  is  digested 

with  aqueous  hydrocyanic  acid,  they  combine,  forming  the  nUHle  of 

{OH 
Qjj,  a  crystalline  solid,  which,  by  con- 
tinued boiling  with  hydrochloric  acid,  is  converted  into  trichlorolactie 
acid,  a  solid  melting  at  110^     Tts  salts  readily  split  up  on  heating 
them  with  excess  of  base  into  a  formate  and  chloral. 


ETHENE-LACTYL   AND   MALONYL  COMPOUNDS. 

Sarcolactic  Add  CjH^Oj. — ^This  name  is  given  to  an  acid  occurring 
in  the  muscular  flesh,  from  which  it  can  be  extracted  by  water,  and  is 
also  found  in  different  animal  secretions.  Becent  researches  have 
shown  that  this  body  is  a  mixture  of  two  acids ;  one  of  these,  called 
paraladic  acid,  has  the  greatest  resemblance^  to  common  lactic  acid, 
from  which  it  only  differs  by  being  optically  active.  The  second  acid 
is  called  ethene-lactic  acid,  because  it  has  been  obtained  synthetically 
from  ethene  compounds,  just  as  common  lactic  acid  is  derived  from 
ethidene  compounds  (aldehyde).  By  heating  ethene  chlorhydrat^ 
with  potassium  cyanide  the  nitrile  of  ethene-lactic  acid  is  formed, 
which,  on  boiling  with  caustic  potash,  jrields  the  potassium  salt  of 
this  acid: — 

ON  CO.OK 

CHj  +  KOH  +  H,0  =  CHj        +  NH, 

I  I 

CH,.OH  CH^OH 
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Ethene-lactic  acid  must  be  regarded  as  the  first  oxidation-product 
of  primary  propene  alcohol,  but  it  has  not  yet  been  obtained  from 
this  compound.  It  is  a  monobasic  acid,  as  well  as  a  primary  alcohol, 
whilst  common  or  ethidene-lactic  add  is  a  secondary  alcohoL 

On  oxidizing  the  former  with  dilute  chromic  acid,  it  is  converted 
into  bibasic  malonic  acid,  whilst  common  lactic  acid  is  resolved  by 
oxidation  into  acetic  acid  and  formic  acid  (or  carbon  dioxide  and 
water) : — 

CO.OH  CO.OH 


(1) 


cm.        +  0,  =  CH.      +  H,0 

I  I 

CHyOH  CO.OH 

CO.OH 

CO.OH 


(2)    CH.OH  +  0,  =  I  +  COj  +  H^O 

iCH*  .... 

Malonic  Acid  CgH^O^. — ^This  acid  was  fiist  obtained  by  the  oxi- 
dation of  malic  acid : — 

CO.OH 

I  CO.OH 

CH.OH  I 

I  +  0,  =  CH,     +  CO,  +  H,0 

CH,  I 

CO.OH 
CO.OH 

It  is  also  formed  by  the  oxidation  of  ethene-lactic  acid  and  by 
heating  cyanacetic  acid  with  potash  solution : — 

CN  CO.OH 

=  CH,      + 


CH,      +  2H,0  =  CH,      +  NH. 

I  I 

CO.OH  CO.OH 


Malonic  acid  ciystallizes  in  large  thin  plates,  mdting  at  132°.  On 
heating  it  stronger,  it  decomposes  into  carbon  dioxide  and  acetic  acid. 
The  malonates  of  the  alkali-metals  are  readily  soluble  in  water,  those 
of  the  other  metals  sparingly  soluble,  or  insoluble. 
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BUTBNE  COMPOUNDS. 


a  Butene  or  Butylene  C.Hg  is  found  in  coal  gaa,  and  in  large  quan- 
tities in  the  gas  obtained  m>m  fatt^  oils.  Pure  butene  is  readily 
obtained  by  heating  secondary  butyl  iodide  with  an  alcoholic  solution 
of  caustic  potash : — 

CH,  CH, 

+  KOH  =1       +  KI  +  H,0 
CHI  CH 

II 
!H,  CH, 


k 


It  is  a  colourless  gas  which  by  exposure  to  strong  cold  condenses 
to  a  limpid  liquid,  boiling  at  +  I"". 

Buiene  Dibromide  C^HgBr^  is  a  heavy  colourless  liquid  boiling  at  ISO"*. 
Butene  combines  readily  with  fumins  hydriodic  acid,  secondary  butyl 
iodide  being  formed.  It  is  also  slowly  absorbed  by  an  aqueous  solu- 
tion of  hj^)ochlorous  acid,  with  the  formation  of  Imtene  chlorhydrate 

C^Hg  <  pji  ,  which,  by  the  action  of  sodium  amalgam  and  water,  is 

converted  into  secondary  butyl  alcohol. 

Bvime  Glycol  G^S^(SiIL\ — ^This  body  is  formed,  but  only  in  a 
small  quantity,  together  with  alcohol,  by  the  action  of  sodium  amal- 
gam on  a  weak  acid  aqueous  solution  of  aldehyda  It  is  a  thick, 
colourless,  sweet  liquid,  boiling  at  204"".  By  oxidation  it  yields  acetic 
acid  and  oxalic  acid ;  this  proves  that  its  constitution  and  mode  of 
formation  is  as  follows : — 

COH  CH^OH 

I  I 

CH,  CH, 

+  H,= 

COH  OH.OH 

I  I 

CH3  CH3 

IsobtUene  or  Dinuthyl-ethene  C.Hg  has  been  obtained  (1)  by  beating 
isobutyl  alcohol  with  zinc  chloride,  (2)  by  passing  the  vapour  of  am^l 
alcohol  through  a  red-hot  tube,  and  (3),  together  with  tetrametbyl- 
butane  (so  ccdled  dibutyl),  in  the  electrolysis  of  potassium  valerate. 
The  pure  hydrocarbon  is  most  readily  produced  by  the  action  of  alco- 
holic potash  solution  on  isobutyl  iodide  and  tertiary  butyl  iodide : — 
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CH,  CH.  CH,  CH, 

(1)  CH      -HI=      C 

I  11 

CHjI  CH, 

CH,  CH,  CH,  CH, 

(2)  CI        -  HI  =      C 

I  II 

Isobutene  may  be  condensed  to  a  liquid,  boiling  at  —  7**,  and  pos- 
sessing an  unpleasant  smell  like  coal  gas.  It  is  easily  transformed 
again  into  isobutyl  and  tertiary  butyl  compounds  (see  Butyl 
Compounds). 

Isobutene  Dibromide  C^HgBr^  boils  at  156**  and  is  easily  converted 
into  isolnUene  glycol  C  JL(0H)2,  a  thick  liquid  possessing  a  sweet  taste 
and  boiling  at  183''.  When  the  dibromide  is  heated  with  alcoholic 
potash  it  loses  hydrobromic  acid  and  is  converted  into  numobromiso^ 
btUene  C^HyBr,  which  by  the  action  of  silver  oxide  yields  isobutyric 
acid: — 

CCCHj)^  CHCCHg)^ 

II  +  2Ag,0  =  I  +  AgBr  +  Ag^ 

CHBr  CO.OAg 

13  Butenc  or  Ethyl-vinyl  C.Hg  is  produced  by  heating  zinc-ethyl 
and  monobromethene  (vinyl-bromide)  in  sealed  tubes  to  140^  It 
boils  at  —  5**,  and  forms  a  dibromide  boiling  at  166°.  From  its  mode 
of  formation  it  might  have  been  expected  that  it  was  identical  with 
a  butene,  but  as  this  is  not  the  case,  and  as  it  also  differs  from  iso- 
butene, it  must  represent  the  third  modification  of  butene,  of  which, 
according  to  theory,  three  isomerides  can  exist  (see  page  176).  The 
reaction  by  which  it  is  formed  may  be  expressed  thus : — 

CH2=CH  +  CH^— CH3  =  CHg— CH=CH— CH3 

There  exist  similar  reactions  in  which,  by  joining  two  radicals 
togetlier,  the  double  linking  of  two  carbon-atoms  is  shifted  in  the 
same  way  (see  Crotonitrile). 


OXYBUTYRIC  ACIDS  C^HgOj. 

Butylactic  Acid  or  a  Oxybutyric  Acid. — ^When  butyric  acid  is  heated 
with  bromine,  a  bromobviyric  acid  is  formed,  a  liquid  boiling  with 
partial  decomposition  at  about  217**.  On  heating  it  with  water  and 
silver  oxide  it  yields  a  oxybutyric  acid  C'8H^(OH)C02H,  forming  de- 
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liquescent  crystals  grouped  in  rosettes.    The  a  oxybutyrates  cr3'^stal- 
lize  well ;  the  zinc-salt  is  sparingly  soluble  in  water. 

By  the  action  of  ammonia  upon  a  bromobutyric  acid,  butalanine  or 
a  amiddbutyric  acid  C3Hg(NH2)C02H  is  obtained,  which  crystallizes 
in  small  needles. 

The  formation  of  oxybutyric  acid  from  butyric  acid  corresponds  to 
that  of  lactic  acid  from  propionic  acid,  from  which  it  follows  that 
both  oxyacids  must  have  a  similar  constitution,  i.e,  the  hydroxyl  being 
combined  with  that  carbon  atom  which  is  linked  to  the  carboxyL 
This  appears  the  more  probable  as  it  has  been  found  as  a  rule  that 
by  the  action  of  chlorine  or  bromine  upon  carbon  atoms  substitution 
always  takes  place  in  the  neighbourhood  of  other  negative  elements 
(CI,  Br,  0).  The  constitution  of  a  oxybutyric  acid  is  explained  by  the 
following  formulae : — 

a  Brombutyric  Acid.  3  Oxybutyric  Acid. 

CH3  CHj 


h 


I 

Hj  CH, 


I 

CHBr  CH.OH 

I  I 

CO.OH  CO.OH 

fi  OxyhUyric  Add. — By  acting  with  acetyl  chloride  on  monosod- 
acetic  ether,  the  ethyl  ether  of  acetyl-acetic  acid  is  formed : — 


CH,  GR^ 


io 


I 

COCl 


CH-Na  CH- 

I  I 

CO.OCjHj     CO.OCjHj 


+  NaCl 


On  treating  this  ether  with  water  and  sodium  amalgam  it  is  con- 
verted into  sodium  y8  oxybutyrate : — 

CH.  CH 


i 


8  r'^8 


O  CH  OH 

I  +  2H2O  +  Na,  =  I     '         +  NaOH  +  CjH,.OH 

CH2  CHg 

I 
CO.OCjH 


5 


CO.ONa 


By  decomposing  this  salt  with  sulphuric  acid,  /8  oxybutyric  acid  is 
obtained  as  a  thick,  syrupy,  and  very  deliquescent  liquid.  The  /8 
oxybutyrates  are  very  soluble  in  water,  the  zinc  salt  forming  a  brittle, 
amorphous,  and  deliquescent  mass. 
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Oosy-isobtUyric  Add  is  produced  by  oxidizing  isobutene  glycol,  and 
by  the  action  of  caustic  baryta  on  bromisobutyric  acid.  The  same 
acid  has  been  produced  synthetically  from  acetone,  by  a  reaction 
quite  analogous  to  that  by  which  lactic  acid  is  obtained  from  alde- 
hyda  When  a  mixture  of  prussic  acid,  acetone,  and  hydrochloric 
acid,  after  standing  for  some  weeks,  is  boiled,  the  following  reaction 
takes  place : — 

CH3  CH3 


=  HO.C- 


CO   +  CNH  +  HCl  +  2H.0  =  HO.C— CO.OH  +  NH.Cl 

I  I 

CHj  CHg 

By  this  reaction  the  acid  was  first  obtained,  and  was  therefore 
call^  acdonic  add.  Another  synthetical  process  for  preparing  it 
consists  in  heating  methyl  oxalate  with  methyl  iodide  and  zinc,  zinc- 
methyl  being  first  formed,  which  acts  on  the  methyl  ether  in  the 
following  way : — 

CH3  CI13 

CO.OCH.  rr^rT  \/  '  OCH3 


I  +  2Zn  ^  p5«  =      CCZnCH,  +  Zn  j 

CO.OCH.  ICH,  ,  \ 


CO. 


CH 


s 


OCHg 


On  adding  water  to  the  resulting  crystalline  mass,  marsh-gas  is 
given  off,  and  the  methyl-ether  of  oxy-isobut^c  acid  (dimethyl- 
oxalic  acid)  is  formed : — 


CH.  CH.  CH.  GH 

:jO=    c.( 


8 


CCZnCHj  +  2H-0  =     C.OH        +  Zn(OH),  +  CH, 

I  I 

CO.OCH3  CO.OCH3 

Oxy-isobutyric  acid  is  readily  soluble  in  water,  and  crystallizes  in 
long  needles,  melting  at  79^,  boiling  at  212^  but  readily  subliming  at 
a  lower  temperature.  The  zinc-salt  is  sparingly  soluble  in  water,  and 
crystallizes  in  small  hexagonal  plates. 


SUCOINYL  COMPOUNDS. 


SUCCINIC  ^CID  Cfifi^. 


This  acid  occurs  in  amber  and  some  other  resins,  and  in  several  plants 
{Artemisia  Abdnthium,  Lactuca  virosa),  and  has  also  been  found  in 
small  quantities  in  the  animal  organism.    Succinic  acid  is  frequently 
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met  with  amongst  the  products  fonned  by  the  action  of  nitric  acid  upon 
many  carbon  compounds.  Thus  all  fatty  acids  containing  more  than 
four  atoms  of  carbon,  when  boiled  with  nitric  acid  yield  succinic  acid 
and  other  acids  of  the  same  series. 

Succinic  acid  is  also  produced  by  different  kinds  of  fermentation, 
in  small  quantities  in  vinous  fermentation,  in  larger  quantities  in  the 
fermentation  of  malic  acid,  which  acid,  as  well  as  tartaric  acid,  is 
also  readily  converted  into  succinic  acid  by  reduction  (vide  these 
acids). 

Succinic  acid  has  also  been  obtained  artificially  from  acetic  acid, 
ethene,  and  fi  chloropropionic  acid : — 

(1)  When  sodacetic  ether  is  heated  with  ethyl  chloracetate,  ethyl 
succinate  is  formed : — 


CO.OCjHj     CO.OC2H5 
CH^a  CHj 

CHja  CH 


+  NaCl 


5    co.o, 


CO.OCjHj     CO.OjHg 


(2)  SuccinonitrUe  (j^^^\  is  produced  by  heating  ethene  dibro- 
mide  with  potassium  cyanide  and  alcohol ;  it  is  a  cryatalline  solid, 
melting  at  iT  to  a  brown,  oi^  liquid,  and  decomposing  at  a  higher 
temperature.  On  boiling  it  with  caustic  potash  or  with  hydrochloric 
acid  or  nitric  acid,  it  yields  succinic  acid : — 

ON  CO.OH 

I  I 

CjH,  +  2HC1  +  4HjO  =  C^H,      +  2NH,a 

CN  CO.OH 

Succinonitrile  has  also  been  obtained  by  the  electrolysis  of  potas- 
sium cyanacetate,  a  reaction  which  is  quite  analogous  to  the  forma- 
tion of  ethane  (dimethyl)  from  potassium  acetata 

r3)  When  the  ethyl-ether  of  fi  dUaroprapianie  acid  (see  Glyceric 
Acid)  is  heated  with  potassium  cyanide,  the  ethyl-ether  of  fi  cyano- 
propionic  acid  is  formed.  This  ether,  when  heated  with  caustic 
potash,  yields  potassium  succinate  and  alcohol : — 

CN  CO.OK 

CjH,  +  2K0H  +  H^O  =:  CjH,      +  NH3  +  CjH^.OH 


CO.OCjHj  CO.OK 

To  obtain  succinic  acid  in  quantity,  amber  is  subjected  to  destruc- 
tive distillation,  and  the  aqueous  portion  of  the  distillate  heated  to 
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the  boiling-point  and  filtered.  On  cooling,  crude  succinic  acid  crys- 
tallizes out,  which  is  easily  freed  from  adhering  empyreumatic  oils  by 
heating  it  with  nitric  acid. 

It  may  also  conveniently  be  prepared  from  the  crude  calcium  salt 
of  malic  acid,  which  can  be  procured  in  large  quantities  from  the  un- 
ripe berries  of  the  mountain  ash  or  from  rhubarb-stalks  (see  Malic 
Acid).  On  adding  six  parts  of  water  and  a  fourth  part  of  brewer's  yeast 
to  this  salt,  and  keeping  the  mixture  at  a  temperature  of  30° — 40°  for 
a  few  days,  carbon  dioxide  is  evolved  and  acetic  acid  and  calcium 
succinate  are  formed,  probably  according  to  the  following  two 
reactions:  — 

(1)  C,H,0,  +  H,0  =  C,H,0,  +  2C0,  +  H, 

(2)  C,HA  +  H,    =C,H,0,  +  H20 

To  obtain  the  free  acid,  th6  calcium  salt  is  decomposed  by  sul- 
phuric acid. 

Succinic  acid  crystallizes  in  monoclinic  prisms,  melting  at  ISC 
and  decomposing  at  235*  into  water  and  succinic  anhydride.  It  is 
soluble  in  about  twenty-three  parts  of  cold  water  and  very  readily  in 
boiling  water.  By  passing  a  galvanic  current  through  a  concentrated 
solution  of  potassium  succinate  the  acid  is  decomposed  into  ethene, 
carbon  dioxide,  and  hydrogen  : — 


^^^^  {  CO^H  =  ^^^"*  +  -^^^^ 


+  H, 


When  an  aqueous  solution  of  the  acid  containing  an  uranic  salt  is 
exposed  to  sunlight  it  splits  up  into  propionic  acid  and  carbon 
dioxide : — 

^2^4 1  CO^H  ~  ^^^2  +  CgH^.COjH 

The  succinates  of  the  alkali-metals  are  readily  soluble  in  water ; 
those  of  the  other  metals  either  sparingly  soluble  or  insoluble.  By 
adding  a  neutral  solution  of  ferric  chloride  to  a  neutral  succinate  a 
brown  gelatinous  precipitate  of  ferric  succinate  is  formed.  This  reac- 
tion is  made  use  of  for  the  detection  of  this  acid  and  for  the  separa- 
tion of  iron  from  manganese. 

(  C  H 

JSthyl  Succinate  Cfifi^<  n^jr^  is  a  colourless,  oily  liquid,  insoluble 

in  water,  and  boiling  at  217°.     It  is  obtained  by  passing  hydrochloric 
acid  gas  into  a  solution  of  succinic  acid  in  alcohol 

{C  H 
Tj*    ^  is  produced  by  heating  succinic 

anhydride  with  absolute  alcohol.     It  is  a  syrupy,  sour  liquid,  soluble 
in  water  and  forming  soluble  salts. 

Succinic  Anhydride  C^H^Oj  is  most  conveniently  prepared  by  dis- 
tilling succinic  acid  with  phosphorus  pentoxide.     It  forms  shining 
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crystals,  melting  at  120**  and  boiling  at  250°.     On  boiling  it  with  water 
succinic  acid  is  again  formed  : — 

f  COCl 
Sucdnyl  Chloride  CjH^  •]  nr\n\  is  produced  by  the  action  of  phos- 
phorus pentachloride  upon  the  acid  or  the  anhydride.  It  is  an  oily 
liquid,  boiling  at  190°  and  solidifying  at  0°  to  tabular  crystals.  It 
has  a  suffocating  smell,  fumes  in  the  air,  and  forms,  in  contact  with 
water,  succinic  acid  and  hydrochloric  acid,  and  with  alcohol  it  yields 
ethyl  succinate  and  hydrocliloric  acid. 

C  CO.OH 
SiUphosicccinic  Acid  CgHgK  SOo-OH. — This  strong  tribasic  acid  is 

(  CO.OH 
formed  by  the  action  of  sulphur  trioxide  upon  succinic  acid,  and 
forms  deliquescent  crystals. 


AMIDES   OF  SUCCINIC    ACID. 


(  CO  NH 
Succiyiamide  CjH^  -!  riQ\jTj^- — Wlien  ammonia  is  added  to  ethyl 

succinate  the  amide  separates  out  in  fine  white  needles,  which  are 
readily  soluble  in  hot  but  sparingly  in  cold  water,  and  insoluble  in 
spirits  of  wine.     On  heating  it  melts,  and  at  200°  decomposes  into 

ammonia  and  succinimide  CjH^  -|  pQ  >  NH,  a  compound  which  is 

also  produced  by  the  action  of  ammonia  upon  succinic  anhydride, 
and  by  the  rapid  distillation  of  ammonium  succinate.  Succinimide 
is  readily  soluble  in  water  and  alcohol,  crystallizing  in  rhombic 
tables  containing  one  molecule  of  water,  which  is  readily  given  off  on 
exposure  to  the  air.  The  anliydrous  compound  melts  at  126°  and 
boik  at  288°.  On  heating  it  with  alcoholic  ammonia  to  100°  it  is 
reconverted  into  succinamide.  By  adding  an  ammoniacal  solu- 
tion of  silver  nitrate  to  an  alcoholic  solution  of  succinimide,  silver- 
succinimide  C2H4(CO)2NAg  is  formed,  which  crystallizes  in  four-sided 
prisms.     On  boiling  it  with  aqueous  ammonia  it  takes  up  water,  and 

is  converted  into  silver  succinamcUe  CjH^-j  pqqa  *•     The  free  suc- 

cinamic  acid  forms  colourless  crystals  which  sublime  on  heating ;  it 
is  soluble  in  water,  and  combines  with  it  to  form  acid  ammonium 
succinate. 
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SUBSTITUTION-PRODUCTS  OF  SUCCINIC  ACID. 

When  succinic  acid  is  heated  with  bromine  and  water  in  sealed 
tubes,  two  substituted  acids  are  simultaneously  produced. 
I    Mwidbromosuccinic  Acid  forms  colourless  crystals  readily  soluble  in 
water.  On  boiling  its  solution  with  silver  oxide,  malic  acid  is  formed : — 

C^,Br  {  gg;gg  +  AgOH  =  C^,(OH)  {  gggg  +  AgBr 

Btbromomecinic  Acid  is  sparingly  soluble  in  cold  water  and  crystal- 
lizes from  a  hot  solution  in  prisma.  It  is  also  formed  by  heating 
succinyl  chloride  with  bromine  and  decomposing  th^  bibromosuccinic 
chloride  thus  formed  with  water.  When  sodium  bibroynosuccinate  is 
boiled  with  water  it  yields  add  sodium  manobrornomalate  : — 

C.H.Br. {  COONa  ^  ^,0  =  C A(OH)Br { gggH   ^  ^^^^ 

By  boiling  the  free  acid  with  silver  oxide  and  water  it  is  converted 
into  tartaric  acid : — 

C,H,Br, I gg gg  +  Ag,0  +  H,0  -  C,H,(OH), | gggg  +  2AgBr 


ISOSUCaNIC  ACID. 

This  isomeride  of  succinic  acid  has  been  obtained  from  a  bromopro- 
pionic  acid  (see  Lactic  Acid)  by  a  reaction  analogous  to  that  by  which 
fi  bromopropionic  acid  has  been  transformed  into  succinic  acid.  By 
heating  a  bromopropionic  acid  with  potassium  cyanide  it  is  converted 
into  a  cyanapropionic  acid,  which,  when  boiled  with  potash  solution, 
yields  isosuccinic  or  methyl-malonic  a^cid ; — 

CH3  CH3 


CH— CN  +  2H.0  =  CH— CO.OH  +  NH- 

CO.OH  CO.OH 

It  forms  colourless  crystals,  being  more  freely  soluble  in  water  than 
succinic  acid ;  the  solution  of  a  neutral  isosuccinate  is  not  precipi- 
tated by  ferric  chloride.  It  melts  at  129''*5  and  decomposes  when 
heated  above  this  temperature  into  carbon  dioxide  and  propionic 
acid.  This  acid  is  therefore  a  much  less  stable  compoimd  than  suc- 
cinic acid,  the  cause  of  this  being  that  it  contains  two  carboxyls 
combined  with  the  same  carbon  atom.  In  the  chapter  on  the  consti- 
tution of  the  carbon  compounds  it  has  already  been  pointed  out  that 
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in  carbon  compounds  containing  oxygen  the  carbon  group  is  much 
more  readily  decomposed  than  in  compounds  containing  no  oxygen, 
and  the  two  succinic  acids  show  that  such  a  separation  of  carbon 
atoms  takes  place  more  readily,  the  nearer  together  the  oxygen  atoms 
are  grouped  in  the  molecule. 


MALIC  ACID   C^H.Og 

Malic  acid  and  tartaric  acid,  two  compounds  which  are  very  widely 
distributed  in  the  vegetable  kingdom,  are  very  nearly  related  to  suc- 
cinic acid,  bearing  similar  relations  to  the  latter  as  glycoUic  acid  does 
to  acetic  acid ;  and  therefore,  although  they  have  to  be  regarded  as 
compounds  of  triad  and  tetrad-radicals,  they  will  most  conveniently 
be  treated  here. 

Malic  Add  is  found  in  most  kinds  of  sour  fruit,  chiefly  in  unripe 
apples,  and  in  the  berries  of  the  mountain  ash,  and  also  in  currants, 
sour  cherries,  in  the  stalks  and  leaves  of  rhubarb,  &c.  Sweet  cherries 
contain  neutral  potassium  malate. 

The  acid  is  readily  obtained  from  rhubarb-stalks  or  from  the 
berries  of  the  mountain  ash  at  the  time  when  they  begin  to  ripen. 
The  stalks  or  berries  are  ground  to  a  pulp  and  pressed  out.  The 
juice  is  boiled  and  nearly  neutralized  with  milk  of  lime.  On  boiling 
the  filtered  liquid  for  some  time  calcium  malate  separates  out  as  a 
granular  powder,  which  is  washed  with  cold  water  and  dissolved  in 
hot  dilute  nitric  acid.  On  cooling,  acid  calcium  malate  is  obtained 
in  large  crystals,  which  are  separated  from  the  mother-liquid,  and 
dissolved  in  water.  On  adding  lead  acetate  to  this  solution  lead 
malate  is  precipitated,  which  is  washed  and  then  decomposed  by 
hydrogen  sulphide.  Malic  acid  is  obtained  on  evaporating  the 
aqueous  solution  in  groups  of  small  colourless  and  deliquescent 
prisms,  having  a  strong  and  agreeable  sour  tasta  Its  solution  turns 
the  plane  of  polarizea  light  to  the  left ;  whilst  the  acid  obtained 
artificially  from  succinic  acid  is  optically  inactive. 

On  heating  malic  acid  with  concentrated  hydriodic  acid,  it  is 
reduced  to  succinic  acid : —  «, 

CjH3(0H)(C0jH)j  +  2HI  =  C^H.CCO.H),  +  H^O  +  I, 

When  malic  acid  is  heated  with  hydrobromic  acid  it  is  converted 
into  monobromosuccinic  acid : — 

CjH3(0H)(C0jH)j  +  HBr  -  CjHjBrCCOjH)^  +  H^O 

The  malates  of  the  alkali-metals  are  readily  soluble  in  water. 

Normal  Calcium  Malate  C^H^OgCa  +  2H,0  ciystallizes  in  laige 
plates;  on  boiling  its  aqueous  solution  for  some  time  it  separates 
as   a  granular  powder  CfififieL  4-   H^O.    Add  caldum    malai€ 
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(C4Hj05)2Ca  -f  SHjO  forms  large  transparent  crystals.  Lead  malate 
is  a  curdy  precipitate  which  after  some  time  changes  into  aciystalline 
mass.  On  heating  it  with  water  a  small  portion  dissolves,  whilst  the 
remainder  melts. 

Malic  acid  contains  one  alcoholic  hydroxyl,  and  forms  consequently 
ethers  with  acid  radicals  and  with  alcohol  radicals. 

On  passing  hydrochloric  acid  gas  into  a  solution  of  malic  acid  in 

alcohol,  ethyl  malate  CgHgCOH)  <  pn  OP^H^'  ^  neutral  liquid,  which 
decomposes  on  heating,  is  formed,  together  with  the  monobasic  ethyl- 
malic  acid  C2H3(OH)  <  nncin  tj  • 

V  *  2      o 

By  the  action  of  acetyl  chloride  upon  ethyl  malate  the  ethyl-ether 
of  acetylmalic  acid  is  formed.  This  acid  has  the  following  constitu- 
tion : — 

CO.  OH 


caoaiTsO 


CH, 

I     ' 
CO.OH 


Ethyl  acetylmalate  is  a  liquid,  boiling  at  258* ;  on  heating  it  with 
caustic  potash  it  is  resolved  into  potassium  malate,  potassium  acetate, 
and  ethyl  alcohol. 


A^HDES   OF   MALIC  ACID. 

Malamide  C2H5(OH)  -j  pQ -ntS*  is    produced    by  the    action   of 

ammonia  upon  an  alcoholic  solution  of  ethyl  malate.  It  forms  colour- 
less crystals,  and  combines  readily  with  water,  yielding  ammonium 
malate. 

(  PO  NIT 
Asparagin  or  Amidomccinamie  Acid  CH3(NH2)  \  r;o  OH*  ^  ^ound 

in  asparagus-shoots,  in  the  roots  of  the  marsh  mallow  and  of  liquorice, 

in  potatoes,  and  in  large  quantities  in  young  vetches,  peas,  and  beans. 

To  prepare  it,  young  vetches  before  they  get  into  flower  are  pressed 

out,  the  juice  heated  to  the  boiling-point,  filtered,  and  evaporated  to 

the  consistency  of  a  syrup.     On  standing  for  some  time,  asparagin 

crystallizes  out     It  forms  large  transparent  crystals  containing  two 

molecules  of  water.    It  is  a  weak  monobasic  acid,  forming  crystalline 

salts ;  at  the  same  time  it  is  an  amine  and  combines  with  acids. 

Nitrous  acid  decomposes  it  with  the  formation  of  malic  acid. 

(  CO  OH 
Aspartic  Acid  or  Amidosvccinic  Add  CjH3(NH2)  <  nn  oh*""  ^^® 


THE  CARBON  COMPOUNDS.  825 

ammonium  salt  of  this  acid  is  produced  by  heating  an  aqueous  solution 
of  asparagin  to  120**.  To  prepare  the  acid,  asparagin  is  boiled  with 
baiyta- water ;  ammonia  is  given  off,  and  barium  aspartate  is  formed, 
which  is  decomposed  by  sulphuric  acid,  and  the  solution  evaporated 
to  crystallization.  It  is  a  bibasic  acid,  forming  crystalline  salts. 
When  the  acid  silver  salt  is  heated  with  ethyl  iodide  the  ether 

C2H3(NH2)  <  QQQQ  jj  is  formed,  a  crystalline  solid,  which  by  the 

action  of  aqueous  ammonia  yields  asparagin  and  ethyl  alcohol 


FUMABIO  ACID  AND  MALEIC  ACID  C^H^O^. 

These  two  isomeric  acids  are  obtained  by  heating  malic  acid : — 

Cfifi,  =  C,H,0,  +  H,0 

Maleic  acid  distils  over  together  with  water,  and  is  obtained  in 
crystals  on  evaporating  the  distillate.  It  forms  large  plates,  and  is 
very  soluble  in  water.  It  melts  at  about  130°,  and  when  kept  at  that 
temperature  for  some  time  it  is  transformed  into  fumaric  acid,  which 
on  stronger  heating  ia  decomposed  into  water  and  maleic  anhydride 
C4H2OJ,  a  compound  which  again  combines  with  water,  forming 
maleic  acid. 

Fumaric  Acid  occurs  also  in  many  plants  (Gorydalis,  Fumaria, 
and  Glaucium  species). 

It  is  most  conveniently  obtained  by  exposing  malic  acid  for  some 
time  to  a  temperature  of  120° — 150°.  It  crystallizes  in  prisms  and 
is  sparingly  soluble  in  water. 

The  two  isomeric  acids  combine  with  nascent  hydrogen,  both  being 
converted  into  succinic  acid.  They  also  combine  readily  with  bromine ; 
fumaric  acid  yielding  bibromosuccinic  acid,  from  which  it  follows 
that  the  constitution  of  fumaric  acid  is  expressed  by  the  following 
formula : — 

Fumaric  Acid.  Bibromosuccinic  Acid. 

CH.CO.OH  CHBr.CO.OH 

II  I 

CH.CO.OH  CHBr.CO.OH 

Maleic  acid  forms  with  bromine  isohibromoaiiccinic  acid,  the  con- 

CH^CO.OH 
stitution  of  which  appears  to  be   |  ,  according  to  which 

CBr^CO.OH 
maleic  acid  would  contain  an  atom  of  carbon  with  free  combining 
units. 


C 
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TARTARIC    ACID    C^H^O^. 

This  acid  exists  in  different  isomeric  modifications  which  differ  from 
each  other  by  their  optical  properties. 

(1)  Dextrotartaric  Add  or  Ordinary  Tartaric  -4 etc?  occurs  in  the 
free  state,  and  as  an  acid  potassium  salt  in  many  kinds  of  fruit, 
chiefly  in  pine-apples,  tamarinds,  and  in  grapes.  It  is  also  formed  by 
oxidizing  milk-sugar  with  nitric  acid.  It  is  prepared  on  the  large 
scale  from  crude  tartar  or  impure  acid  potassium  tartrate,  which  is 
deposited  in  wine  casks,  the  salt  being  less  soluble  in  dilute  alcohol 
than  in  water.  Tartar  is  purified  By  dissolving  it  in  hot  water, 
decolorizing  the  solution  with  animal  charcoal,  and  subsequent  crys- 
tallization. The  cream  of  tartar  thus  obtained  is  boiled  with  water 
and  chalk,  insoluble  calcium  tartrate  is  formed,  whilst  the  solution 
contains  normal  potassium  tartrate,  which  is  also  converted  into  the 
calcium  salt  by  precipitation  with  calciimi  chloride.  The  washed 
calcium  tartrate  is  decomposed  with  dilute  sulphuric  acid,  and  the 
solution  evaporated  to  crystallization. 

Tartaric  acid  crystallizes  in  large  transparent  monoclinic  prisms 
possessing  a  very  sour  taste ;  it  is  readilv  soluble  in  water,  and  its 
aqueous  solution  turns  the  plane  of  polarized  light  to  the  right. 

When  it  is  heated  to  180**  it  melts,  and  is  converted  into  isomeric 
metaiartaric  add,  an  amorphous  deliquescent  mass,  which  after  some 
time  becomes  crystalline.  The  metatartrates  are  very  readily  soluble 
in  water,  and  are  reconverted  into  ordinary  tartrates  on  boiling  their 
solutions. 

On  heating  tartaric  acid  for  some  time  water  is  given  off  and  ditar- 
taric  acid  G^^^fi^.  is  formed,  a  compound  having  probably  a  consti- 
tution similar  to  that  of  the  so-called  lactic  anhydride.  It  is  amor- 
phous and  forms  uncrystallizable  salts,  which  on  boiling  their  aqueous 
solution  take  up  water  and  are  converted  first  into  metatartrates  and 
then  into  ordinary  tartrates. 

When  tartaric  acid  is  rapidly  heated  it  swells  up,  and  is  converted 
into  tartaric  anhydride  or  tartrdic  add  C^H^Og,  a  yellow  deliquescent 
mass,  which  also  combines  again  with  water  to  tartaric  acid. 

When  tartaric  acid  is  heated  with  concentrated  hydriodic  acid  and 
phosphorus,  it  is  reduced  first  to  malic  acid  and  then  to  succinic 
acid. 


TARTRATES. 

Normal  Potasdum  Tartrate  Cfifi^  -<  ^  crystallizes  in  monoclinic 
prisms,  and  is  readily  soluble  in  water.  On  adding  an  acid  to  its  solu- 
tion the  acid  salt  or  cream  of  tartar  C^Kfi^<  „  is  precipitated  as  a 
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crystalline  powder,  which  dissolves  in  about  240  parts  of  cold  water, 
but  more  freely  in  boiling  water.  The  two  sodium  tartrates  are  both 
readily  soluble. 

Potassium  Sodium  Tartrate  or  Rochelle  Salt  C^H^O^  ]  ^    +  ^JlgO 

is  obtained  by  neutralizing  a  boiling  solution  of  sodium  carbonate 
with  cream  of  tartar.  It  forms  large  rhombic  prisms,  and  is  freely 
soluble  in  water. 

Calcium  Tartrate  C^H^OgCa  -f  4H2O  occurs  in  crude  tartar ;  it  is  a 
crystalline  powder,  insoluble  in  water,  but  soluble  in  weak  acids,  in 
ammonium  salts,  and  alkalis. 

Tartar  Emetic  CfifiA  g,  ^  is  obtained  by  boiling  cream  of  tartar 

with  water  and  antimony  trioxide.  It  crystallizes  in  shining  rhombic 
octahedrons,  containing  half  a  molecule  of  water,  and  dissolving  in 
fourteen  parts  of  cold  and  two  parts  of  boiling  water. 

A    similarly    constituted    compound,    called    tartarus    horatus 

C^H^Og  <  -D^Qi  is  obtained  as  an  amorphous,  deliquescent,  and  very 

sour  mass  on  evaporating  a  solution  of  boric  acid  with  cream  of 
tartar. 


ETHERS   OP  TARTARIC   ACID. 


f  C  H 

Ethyl  Tartrate  C^H^Og-j  /^^tt*  is  a  non-volatile  liquid,  which  is 

formed  by  passing  hydrochlonc  acid  into  an  alcoholic  solution  of  tar- 
taric acid.     On  evaporating  a  solution  of  tartaric  acid  in  absolute 

alcohol,  ethyl'tartaric  acid  C^H^O^  1  P  H  ^®  ^^^^  behind  as  a  crystal- 
line deliquescent  mass.  By  the  action  of  acetyl  chloride  on  ethyl 
tartrate  the  ethyl  ethers  of  acetyltartaric  acid  and  diacetyltartaric 
acid  are  formed.     These  acids  have  the  following  constitution : — 

Tartaric  Acid.  Acetyltartaric  Acid.  Diacetyltartaric  Acid. 

(  CO.OH  (  CO.OH  t  CO.OH 

(  CO.OH  (  CO.OH  (  CO.OH 

Nitrotartaric  Add  Cfij^O^fi^, — This  compound  is  obtained  by 
dissolving  tartaric  acid  in  concentrated  nitric  acid  and  adding  sul- 
phuric acid  to  the  solution.  A  gelatinous  mass  separates  out,  which 
is  dried  on  porous  porcelain  plates,  and  dissolved  in  tepid  water. 
On  cooling  the  solution  to  0^  nitrotartaric  acid  crystallizes  out.  This 
compound  is  a  nitric  ether,  the  two  alcoholic  hydroxy  Is  of  tartaric* 
acid  being  replaced  by  NO,.     It  is  a  very  unstable  body ;  its  aqueous 

Q  2 
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solution  decoraposes  od  Bpoutaneous  evaporation,  aod  leaves  tartronie 
acid  or  oxymalonie  add  CjH,Oj  behind : — 

CO.OH 

I  CO.OH 

CHNO,  I 

I  =  CH.OH  +  CO,  +  N.O, 

CHNO,  I 

I  CO.OH 
CO.OH 

Oo  heating  ao  aqaeous  solution  of  nitrotartaric  acid  it  is  oxidized 
to  oxalic  acid.  Ammonium  sulphide  acts  on  it  aa  on  other  nitric 
ethera,  tartaric  acid  being  formed  t^ain. 


BACEUIO  aCID  and  LETOTABTARIC  ACID. 

Bacemic  acid  occurs  together  with  tartaric  acid  in  several  kinds  of 
tartar.  It  crystallizes  in  transparent  rhombic  prisms  C,HgOg  +  HjO, 
and  is  rather  less  soluble  than  tartaric  acid ;  but  in  all  otbei  respects 
a  vety  great  reaemblance  exists  between  these  two  acids  and  their 
salts,  the  chief  difference  being  that  calcium  racemate  is  insoluble  in 


ammonium  salts,  and  further,  that  crystallized  normal  racemates,  con- 
taining one  metal,  do  not  exhibit  hemihedral  faces,  like  the  crystals 
of  the  corresponding  tartrates. 

By  neutralizing  acid  sodium  racemate  with  ammonia,  and  allowing 
the  solution  to  crystallize  slowly,  two  varieties  of  crystals  are 
obtained,  each  of  them  containing  hemihedral  faces  (f)  (see  Figs.  10 
and  11),  equal  in  number,  and  exactly  similar  in  form,  but  developed 
on  opposite  sides  of  the  two  crystals,  so  that  each  of  them  may  be 
regarded  as  a  reflected  image  of  the  other.  On  carefully  separating 
these  crystals  and  converting  them  into  the  acids,  two  acids  are 
obtained,  one  being  common  or  dextrotartcLTic  acid,  and  the  other  a 
very  similar  acid  called  levotartarie  acid,  because  it  possesses  left- 
handed  polarization.      On  dissolving  equal  parts  of  the  two  acids  in 
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water,  and  allowing  them  to  ciystallize,  we  obtain  again  optically 
inactive  racemic  acid,  which  therefore  is  a  combination  of  the  two 
active  acids. 


INACTIVE  TARTAEIC  ACID. 

This  acid,  which  cannot  be  decomposed  into  the  two  active  modifi- 
cations, has  been  produced  artificially  from  bibromosnccinic  acid  (see 
page  222).  An  acid  which  is  probably  identical  with  this  inactive 
acid  is  formed  by  boiling  oxalaldehyde  (glyoxal)  with  prussic  acid 
and  hydrochloric  acid,  a  synthetical  process  quite  analogous  to  the 
formation  of  lactic  acid  from  aldehyde : — 

CO.OH 
I 

COH  caoH 

I        +  4H,0  +  2CNH  +  2HC1  =  |  +  2NH,C1 

COH  CH.OH 

I 
CO.OH 

It  has  already  been  mentioned  that  by  acting  with  sodium  amalgam 
on  an  alcoholic  solution  of  ethyl  oxalate,  glycollic  and  tartaric  acids 
are  formed,  the  latter  being  no  doubt  identical  with  that  from 
glyoxal.  The  reactions  by  which  these  acids  are  produced  can  be 
easily  explained. 

The  sodium  forms  with  the  alcohol,  sodium  ethylate,  and  the  nas- 
cent hydrogen  converts  a  part  of  the  oxalic  ether  first  into  ethyl 
glyoxylate  and  then  into  the  glycoUate: — 

(1)     {  cSjSg^^^  +  H,  =  {  gg^c^^  4-  HO.C A 

,„.      C  COH  .  TT  _  I  CHj.OH 

^^^     i  C0(0C,H5)  +  "t  -  I  CO(OC,Hs) 

But  the  two  atoms  of  hydrogen  can  enter  the  glyoxylate  one  after 
the  other ;  if  only  one  enters  we  have  an  unsaturated  molecule,  of 
which  two  can  combine  and  form  ethyl  tartrate : — 

CO.OC^j  CO.OCjHj 

COH  „  ^       CH.OH 


CO.OC,Hj  CO.OCjHj 


COH  ^  ^       CttOH 


If  we  remember  that,  by  simple  reactions,  oxalates  can  be  formed 
from  carbon  dioxide,  we  see  that  a  few  steps  lead  us  from  an  inor- 
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ganic  substance  of  very  simple  constitution  to  a  complex  oi^ganic 
acid.  This  is  a  point  of  great  interest,  because  glycoUates  and  tar* 
trates  occur  together  in  grapes  and  the  leaves  of  the  wild  vine. 

The  salts  of  inactive  tartaric  acid  have  a  great  resemblance  to  the 
racemates. 

The  different  modifications  of  tartaric  acid  can  be  transformed 
into  each  other.  Thus  by  combining  either  of  the  two  active  acids 
with  cinchonine  and  heating  the  salts  to  170^  a  resinous  mass  is 
formed  containing  a  large  quantity  of  cinchonine  racemate,  and  this 
salt  when  heated  for  a  long  time  is  converted  into  the  salt  of  the 
inactive  acid.  When  dextrotartaric  acid  is  heated  with  a  little  water 
in  sealed  tubes  to  165^  a  small  quantity  of  racemic  acid  is  formed, 
together  with  a  large  quantity  of  the  inactive  acid,  whilst  when  the 
temperature  is  raised  to  175°  chiefly  racemic  acid  is  formed.  By 
means  of  this  reaction  inactive  acid  obtained  syntheticaUy  from 
ethene  has  been  transformed  into  racemic  acid,  which  is  identical 
with  that  contained  in  grapes,  and  could  be  resolved  into  the  two 
active  modifications.  This  is  the  first  example  of  the  complete 
synthesis  of  a  body  turning  the  plane  of  polarization.^ 

When  any  of  the  four  modifications  of  tartaric  acid  is  subjected  to 
destructive  distillation  it  gives  off  water  and  carbon  dioxide,  and  three 
new  acids  are  formed : — 

Pyroracemic  Acid. 

C^HeO,  =  CsH^O,  +  COj  +  H,0 

Pyrotartaric  Acid. 

2C^HaOe  =   CjHgO,  +  300,  +  2H,0 

Pyrotritaric  Acid. 

SC^HeOe  =   O^Kfi^  +  5C0,  +  5HjO 

Pyroracemic  or  Pyruvic  Acid  C3H  .Oj  is  a  colourless  liquid  possess- 
ing a  pungent  smell  like  acetic  acid,  and  boiling  at  165°.  It  com- 
bines with  nascent  hydrogen,  and  is  transformed  into  lactic  acid,  to 
which  it  stands  in  the  same  relation  as  dimethyl  ketone  to  secondary 
propyl  alcohol : — 


CO        -h  H,  =  CH.OH 

I  I 

CO.OH  CO.OH 

On  boiling  pyruvic  acid  or  a  pyruvate  with  water  it  changes  into  a 
non-volatile  syrupy  modification,  which  forms  amorphous  salts.  On 
heating  this  substance,  which  is  probably  a  polymeride  of  the  volatile 
acid,  it  is  resolved  into  carbon  dioxide  and  pyrotartaric  acid  : — 

1  On  page  43  it  is  said  **  that  no  carbon  compound  prepared  by  synthesis  has  be«n 
fuuud  to  be  opticaUy  active/'  the  above  reaction  not  Doing  known  at  the  time  when 
this  was  printed. 
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2C3H,0,  =  COS  +  C.HgO, 

Pyrotartaric  acid  is  homologous  with  oxalic  acid,  and  will  be 
described  later  on. 


COMPOUNDS    CONTAINING    FIVE  ATOMS    OF   OABBON. 

Three  isomeric  olefines  having  the  formula  CgHj^  are  known,  viz. 
pentene  or  isoamylene,  amylene  or  ameney  and  methyl-ethylethene : — 


A 


Pentene.  Amylene.                           Methyl-ethylethene. 

CHs  CHs  CH3  CH3 

H  CH  JjH 

i    *  I  1    ' 

CH,  9^  C— CH3 

I  II  II 

OH  CH,  6h, 


CH, 

Pentene  has  been  obtained  synthetically  by  the  action  of  zinc-ethyl 
upon  allyl  iodide  CH2=CH — CHoI.  It  is  also  formed  by  heating 
secondary  pentyl  chloride  with  an  alcoholic  solution  of  caustic  potash. 
It  is  a  limpid  liquid  boiling  at  39^  The  derivatives  of  this  hydro- 
carbon have  been  very  little  studied ;  with  bromine  it  forms  pentene 
dibi'dmide  CgHipBrg,  boiling  between  170**  and  180°. 

Amylene  or  Isopropylethene  is  conveniently  prepared  by  mixing  one 
part  of  amyl  alcohol  with  1^  parts  of  fused  zinc  chloride,  and  distilling 
the  mixture  after  standing  for  some  time.  The  distillate  contains 
besides  amylene  also  polymerides  as  diamylene  Cj^Hj^,  triamylen^ 
CijH^jj,  tetra-amylene  CjqH^  and  other  hydrocarbons.  Amylene  boils 
at35r 

Amylene  Dibromide  CgHj^Brj  is  a  heavy  colourless  liquid  boiling 
between  170**  and  175°.  On  heating  it  with  silver  acetate  it  yields 
amylene  diacetate,  which  on  distillation  with  caustic  baryta  is  converted 
into  amylene  glycol  C^K^q(01I)2,  a  compound  which  has  also  been 
obtained  by  the  direct  union  of  amylene  with  hydrogen  dioxide.  It 
is  a  thick  colourless  liquid  having  a  sweet  taste,  and  boiling  at  17T*. 

Methyl-ethylethene  has  been  produced  by  the  action  of  alcoholic 
potash  on  dimethyl-ethylcarbyl  iodide  C(CH3)2(C«IL)I.  It  is  a  limpid 
liquid  having  a  peculiar  smell,  and  boiling  at  35  .  It  combines  readily 
with  fuming  hydriodic  acid,  the  tertiary  iodide  being  re-formed. 

Oxyvalerianic  Acid  C^'iig{OTH)0^  is  obtained  by  heating  bromo- 
valerianic  acid  with  water  and  silver  oxide ;  it  forms  large  tabular 
crystals  melting  at  80°  and  readily  subliming.  On  heating  bromo- 
vsJerianic  acid  with  ammonia  it  is  converted  into  amidowilerianie  acid 
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or  hiUalanine  €^^^(^^^02^  a  compound  which  occurs  in  the  spleen 
and  the  pancreas  of  the  ox.  It  crystallizes  in  small  plates^  and  can 
be  sublimed. 

Ethmuthoxalic  Add  C5Hg(OH)02  has  been  obtained  by  heating 
ethyl  oxalate  with  zinc  and  a  mixture  of  ethyl-  and  methyl  iodides. 
It  forms  colourless  crystals  melting  at  63**.  The  following  formulae 
explain  the  constitution  of  these  two  isomerides  : — 

Oxyralerianic  Add.  Ethomethoxalic  Acid. 

CH3  CH3  CH3 

•OH  CH.— C.OH 


CH.< 

CO.OH  io. 


8 

OH 


Pyrotartaric  Add  or  Methyl-mcdnic  Add  C^HgO^. — ^To  prepare  this 
acid  from  tartaric  acid  the  latter  is  mixed  with  an  equal  weight  of 
finely  powdered  pumice-stone  and  distilled.  On  evaporating  the 
distillate  the  acid  is  obtained  in  transparent  ciysttds  melting  at  112° ; 
at  a  higher  temperature  it  is  resolved  into  water  and  pyrotartaric 
anhydride  CgH^Og. 

On  heating  propene  dibromide  with  potassium  cyanide  and  spirits  of 
wine,  the  nitrile  of  pyrotartaric  acid  is  obtained.  Pyrotartaric  acid 
is  also  produced  by  boiling  fi  cyanobutyric  acid  with  an  alkali : — 

Propone  Dicyanide.  iS  Cyanobatyric  Acid.  Pyrotartaric  Acid. 

CH3  CN  CH3  ON  CH3  CO.OH 

CH  CH  ^CH 

I  ]  I 

CHg  CHg  CHg 

CN  CO.OH  CO.OH 

Hthylmalonic  Add  C^HgO^. — ^When  a  bromobutyric  acid  is  heated 
with  alcohol  and  potassium  cyanide,  and  the  product  thus  formed 
boiled  with  potash  solution,  the  potassium  salt  of  ethylmalonic  acid 
is  obtained: — 

a  Bromobutyric  Acid.      a  Cyanobutyric  Acid.  Ethylmalonic  Acid. 

CH,  CH,  CH, 


CH,  CH,  C 

CHBr  CH— 


H, 
CN  CH— CO.OH 

CO.OH  CO.OH  CO.OH 
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Etbylinalonic  acid  crystallizes  in  colourless  prisms  resembling 
pyrotartaric  acid,  and  melting  like  the  latter  at  112**.  Both  acids  can, 
however,  easily  be  distinguished  by  heating  them  ;  pyrotartaric  yields 
a  crystalline  sublimate  of  the  anhydride,  whilst  ethylmalonic  acid  is 
completely  resolved  into  carbon  dioxide  and  butyric  acid,  the  former 
acid  being  methylsuccinic  acid,  and  the  latter  methylisosuccinic  acid. 

(  CO  OH 

GltUamic  Acid  C^Il^(NH^  <  CO  OH'  ^  ^o^Jiolog^e  of  aspartic  acid, 

is  produced,  together  with  the  latter  body  and  other  compounds,  by 
boUing  legumin  and  conglutin  (see  Albuminous  Principles)  with  dilute 
sulphuric  acid.  It  crystallizes  in  rhombic  tetrahedrons,  and  is  con- 
verted by  the  action  of  nitrous  acid  into  gltUanic  acid  C8H5(OH)(C02H), 
an  indistinctly  crystalline  mass,  forming  amorphous  salte. 

(  CO  OH 

DeoxyghUanic  Add  CgH^  X  fjnoH  ^  Produced  by  heating  glutanic 

acid  with  concentrated  hydriodic  acid  to  120**.  It  is  very  readily 
soluble  in  water,  and  forms  large,  transparent,  monoclinic  crystals 
melting  at  97°,  and  decomposing  above  280®  into  water  and  the 
anhydride  C.HgOg.  This  reaction  explains  the  constitution  of  deoxy- 
glutanic  acid,  and  shows  that  it  is  a  normal  compoimd,  because  only 
four  isomerides  having  the  formula  C3Hg(C02H)2  can  exist,  viz. : — 

CO.OH        CH3  CO.OH       CO.OH  CO.OH      CO.OH  CO.OH 

in.  in.  Jl„  /\ 

c 


I     ^  Y"«  CH,      CHg 


H.  CO.OH 

I    ' 
CO.OH 

The  second  of  these  formulae  represents  the  constitution  of 
pjrrotartaric  acid,  and  the  third  that  of  ethylmalonic  acid ;  deoxy- 
glutanic  acid  must  therefore  have  either  the  constitution  represented 
by  formula  1  or  4  But  an  acid  of  this  composition  having  linked 
two  carboxyls  to  the  same  carbon  atom  would  on  heating  (analogous 
to  ethylmalonic  acid)  be  resolved  into  carbon  dioxide  and  isobutyric 
acid,  whilst  deoxyglutanic  acid  yields  an  anhydride  and  water,  from 
which  it  follows  that  it  must  have  the  constitution  assigned  to  it 
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Hexene  or  ITexylene  C^Hj,  occurs  in  the  light  oils  from  boghead  and 
cannel-tar,  and  is  readily  formed  by  heating  the  secondary  chloride  or 
iodide  of  hexyl  with  alcoholic  potash ;  it  boils  at  70**.  Hexene  glycol 
C^Hij(0H)2  is  a  thick  liquid  boiUng  at  207^ 
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• 

ITeptene  or  HeptyleTie  C^H^^  occurs  in  the  same  oils  in  which  hexene 
is  found,  and  has  been  obtained  from  secondary  heptyl  chloride.  The 
same  hydrocarbon  is  formed  by  acting  on  oenanthaldehyde  with 
phosphorus  pentachloride  and  decomposing  the  cenanthidene  chloride 
CyHj^Clj  thus  formed  with  sodium.     It  boils  at  100°. 

Octene  or  Octylene  CoHj^,  a  liquid  boiling  at  125°,  is  found  together 
with  its  lower  homologues,  and  is  readily  obtained  by  distilling 
methyl-hexyl  carbinol  with  zinc  chlorida  Octene  glycol  0^^(011)^ 
is  insoluble  in  water  and  boils  at  235°  to  240°. 

Diamylene  C^qIS.^ — ^To  prepare  this  hydrocarbon  one  volume  of 
amylene  is  shaken  with  two  volumes  of  a  mixture,  consisting  of  two 
volumes  of  concentrated  sulphuric  acid  and  one  volume  of  water,  in 
stoppered  cylinders  which  are  surrounded  by  ice-cold  water.  It  boils 
at  160°.  On  hQ3,ting  it  with  a  solution  of  potassium  dichromate  in 
dilute  sulphuric  acid,  it  is  oxidized  to  diamylene  oxide  Ci^^H^qO,  a 
mobile  light  liquid  boiling  between  180°  to  190°,  and  possessmg  a 
strong  smell  like  camphor.  On  further  oxidation  it  yields  carbon 
dioxide,  acetic  i^cid,  and  amethenic  acid  C^H^X)^  an  oily  liquid,  which 
is  isomeric  with  cenanthylic  acid,  from  which  it  difiFers  however  by 
exhibiting  only  very  feeble  acid  properties. 

Cetene  C^gllgg  is  produced  by  the  distillation  of  cetyl  alcohol  with 
phosphorus  pentoxide,  and  aJso  by  the  destructive  distillation  of 
spermaceti.  It  is  an  oily  liquid,  boiling  at  275°.  Cetene  dOromide 
Cj^HjjBr-  is  a  heavy  non-volatile  liquid.  When  cetene  is  shaken 
with  a  dilute  solution  of  hypochlorous  acid,  they  combine  forming 

{CI 
QTT,  a  liquid  boiling  at  about  300°,  and 

yielding  by  the  action  of  caustic  potash,  cetene  oxide  C^gHj^O,  colour- 
less needles  which  aie  insoluble  in  water. 

Cerotene  C^^^,  a  crystalline  solid,  has  been  obtained  by  the  destruc- 
tive distillation  of  Chinese  wax. 

Melene  C^^^  is  produced  by  subjecting  bees-wax  to  distillation;  it 
crystallizes  from  hot  alcohol  in  scales,  melting  at  62°. 


LEUCIC  ACID  AND  LEUCINE. 


Leucine  or  Amido-isocaproic  Acid  Gfi^^QS^^O^  occurs  in  several 
parts  of  the  animal  organism,  and  is  formed  in  certain  diseases  in  con- 
siderable quantity.  It  is  also  produced  by  the  decomposition  of 
animal  substances  such  as  glue,  horn,  and  proteids,  and  during  putre- 
faction, and  is  therefore  contained  in  old  cheese.  It  is  readily  obtained 
by  boiling  horn-turnings  with  dilute  sulphuric  acid,  and  has  also  been 
produced  artificially  by  boiling  valeraldehyde  with  prussic  acid  and 
hydrochloric  acid,  as  well  as  by  the  action  of  ammonia  upon  mono- 
brorao-isocaproic  acid. 

It  crystallizes  in  white  shining  scales,  which  are  but  little  soluble 
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in  cold  water,  and  still  less  so  in  alcohol  It  melts  at  170^  and  at  a 
higher  temperature  it  is  resolved  into  carbon  dioxide  and  amylamine. 
On  fusing  it  with  caustic  potash,  it  yields  potassium  carbonate,  am- 
monia, and  potassium  valerate.  By  heating  it  with  fuming  hydriodic 
acid  it  is  converted  into  isocaproic  acid. 

By  dissolving  it  in  dilute  nitric  acid,  and  passing  nitric  trioxide 
into  this  solution,  nitrogen  is  given  off,  and  leucic  acid  ^H^(0H)02  is 
formed,  crystallizing  in  needles,  melting  at  TS"*,  and  subliming  reaculy 
below  1 00**. 

By  the  action  of  zinc  and  ethyl  iodide  upon  ethyl  oxalate  an  acid 
isomeric  with  leucic  acid,  called  diethoxalic  acid,  has  been  obtained. 
It  crystallizes  in  large  prisms  melting  at  74°*5.  The  isomerism  of 
leucic  acid  and  diethoxalic  acid  is  explained  by  the  following 
formulae : — 

Leucic  Acid.  Diethoxalic  Acid. 


CH,  OOH 

CH.OH  CO.OH 


CO.OH 

Whether  the  leucins  of  different  origin  are  identical,  or  whether 
perhaps  some  are  derived  from  normal  valerianic  or  pentylic  acid, 
is  a  question  which  has  yet  to  be  decided. 


ACIDS   OF  THE    SERIES   CnH2n-204. 

The  acids  of  this  series  containing  more  than  5  atoms  of  carbon 
are  formed,  together  with  succinic  acid,  by  oxidizing  fats  with  nitric 
acid.  From  the  mixture  thus  obtained  pure  acids  cannot  be  isolated 
by  recrystallization  from  water,  but  they  may  be  separated  by  means 
of  ether,  in  which  some  are  much  more  soluble  than  others. 

The  same  acids  are  formed  by  the  action  of  fuming  nitric  acid  upon 
the  acids  of  the  series  CnHjn  -  4  0^  which  will  be  described  further  on. 

Adipic  Acid  C^H.^O^  is  conveniently  prepared  by  boiling  sebacic 
acid  with  nitric  acid,  and  recrystallizing  the  product  from  water  to 
remove  succinic  acid.  The  same  compoimd  has  been  produced  by 
heating  ^  bromopropionic  acid  with  silver- dust: — 

CH.Br      CO.OH  CO.OH 

I  1  • 

+  CH,      -f 


CHj      +0H,      +Ag2  =  C,H3      +2AgBr 
CO.OU    CHjBr  CO.OH 
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It  crystallizes  in  shining  prisms,  melting  at  148^  and  is  readily 
soluble  in  boiling  water,  but  only  sparingly  in  cold  water. 

When  one  molecule  of  adipic  acid  is  heated  with  two  molecules  of 
bromine  to  160°,  numobromadipic  add  CgH^BrO^  is  formed,  which  by 
the  action  of  caustic  potash  is  transformed  into  adipomalic  acid 
C.H^(0H)(C0.0H)2,  a  body  resembling  malic  acid.  By  heating 
adipic  acid  with  four  molecules  of  bromine,  dibromadipic  acid  is  pro- 
duced, a  very  unstable  compound,  which,  when  heated  with  water  to 
150^  yields  adipotartaric  acid  C.Hg(OH)2(CO.OH)2,  crystallizing  in 
thin  monoclinic  plates.  It  resembles  tartaric  acid,  forming  an  acid 
potassium  salt,  which  is  but  sparingly  soluble  in  water. 

Dimethylsuccinic  Add  CgH^^O^  has  been  obtained  by  the  action 
of  silver-dust  on  a  bromopropionic  acid : — 

CH3  CO.OH  CH3  CO.OH 

CHBr  CHjj 

+  Agj  =        I  +  2AgBr 

CHBr  CH, 

CH,  CO.OH  CH/bO.OH 

On  evaporating  its  solution  it  is  left  behind  as  a  colourless  syrupy 
liquid. 

Pivielic  Add  C^H^fi^, — There  are  some  doubts  whether  this  acid 
exists  among  the  oxidation-products  of  fats,  but  it  has  been  obtained 
by  fusing  camphoric  acid  CoHi/C02H)2  with  caustic  potash.  It  is 
crystalline,  and  melts  at  114 . 

Suberic  Acid  CgHj^G^  was  first  obtained  by  oxidizing  cork  with 
nitric  acid.  It  can  be  easily  obtained  in  quantity  by  boiling  castor- 
oil  with  nitric  acid,  fusing  the  resulting  solid  mass,  and  exhausting 
it  with  cold  ether,  in  which  suberic  acid  is  scarcely  soluble.  It  crys- 
tallizes from  a  boiling  aqueous  solution  in  long  needles  or  plates, 
melting  at  140°.  When  heated  with  caustic  baryta  it  yields  hexane, 
besides  other  products : — 


^6^12 1  CO.OH  ^  ^«^i*  "^  ^^^» 


By  the  same  reactions  by  which  succinic  acid  is  converted  into 
malic  acid  and  tartaric  acid,  suberic  acid  has  been  transformed 
into  suberovialic  add  CeHjj(0H)(C0.0H)2  and  suberotartaric  add 
CeHio(OH)2(CO.OH),  which  are  both  very  soluble  in  water,  and  do 
not  crystalfize. 

Azelaic  Add  CJHigO^  is  formed,  together  with  suberic  acid,  by 
oxidizing  castor-oil.  It  is  readily  soluble  in  cold  ether,  sparingly  in 
cold  water,  and  more  freely  in  boiling  water.  It  ciystallizes  in  large, 
thin,  shining  plates  or  needles,  melting  at  106°.  On  heating  with 
caustic  baryta  it  yields  heptane  CyHj^. 

Sebacic  Add  Ci^HigO^  is  obtained,  together  with  methyl-hexyl 
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carbinol,  by  fusing  castor-oil  soap  with  caustic  alkalis,  and  it  is  also 
produced  by  oxidizing  spermaceti  with  nitric  acid.  It  forms  shining 
plates,  melting  at  128'".  It  is  less  soluble  in  ether  than  azelaic  acid, 
but  more  than  suberic  acid. 

Brassic  Acid  CuHjoO.  has  only  been  produced  by  heating  behenoleic 
add  CggH^^Oj  with  fummg  nitric  acid : — 

C22H40O2  +  30,  =  2CiiH^0, 
It  is  sparingly  soluble  in  water,  forming  scaly  crystals,  melting  at 

Rocellic  Acid  C^^Hj^O^  occurs  in  different  species  of  lichen  (Rocella 
tinctoria,  B.  fuciformis,  &c.).  To  prepare  it,  the  lichens  are  ex- 
hausted with  ammonia,  the  solution  is  precipitated  with  calcium 
chloride,  and  the  precipitate  of  calcium  rocellate  decomposed  by 
hydrochloric  acid.  Bocellic  acid  is  insoluble  in  water,  but  readily 
soluble  in  alcohol  and  ether,  and  crystallizes  in  prisms  melting 
at  132". 


CITRIC  ACID  CeHgOr. 

This  tribasic  acid  occurs  in  the  juice  of  lemons,  of  currants  and 
gooseberries,  and  other  kinds  of  fruit.  It  is  manufactured  from 
lemon-juice,  which  is  allowed  to  ferment  in  order  that  mucilage  and 
other  bodies  may  separate  out  •  The  liquid  is  then  heated  to  the 
boiling-point,  filtered,  and  neutralized  with  chalk  and  a  little  milk 
of  lime.  The  insoluble  calcium  citrate  is  well  washed  and  decom- 
posed by  sulphuric  acid.  Citric  acid  crystallizes  in  large,  trans- 
parent, rhombic  prisms,  possessing  an  agreeable  sour  taste. 


CITRATES. 

The  citrates  of  the  alkali- metals  are  soluble  in  water.      They 
form  three  series  : — 


Calcium  Citrate  {C^Hfi^^Csi^  is  a  white  crystalline  powder  which 
is  sparingly  soluble  in  cold  water,  and  still  less  in  boiling  water. 
On  neutralizing  citric  acid  in  the  cold  with  lime-water,  no  precipitate 
is  formed ;  but  on  boiling  the  liquid,  calcium  citrate  separates  out, 
which  on  cooling  slowly  redissolves.  It  is  freely  soluble  in  a  solu- 
tion of  citric  acid,  forming  the  acid  salt  C^Ufi^  i  H  +  ^h^>  which 
crystallizes  in  shining  plates. 
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Silver  Citrate  CgH^OyAgg  is  a  white  flocculent  precipitate,  which 
can  be  crystallized  from  boiling  water. 

Methyl  Citrates, — On  passing  hydrochloric  acid  gas  into  a  solution 
of  citric  acid  in  methyl  alcohol,  the  following  compounds  are  formed, 
which  are  all  crystalline  solids : — 

Methylcitric  Acid.  Dimethylcitric  Acid.  Methyl  Citrate. 

C.UfiJ  CH3  C.UfiJ  CH, 

(h  (ch. 

Ethyl  Citrate  C^^fi^iC^K^^  is  an  oily,  non-volatile  liquid. 

Citric  acid  contains  one  alcoholic  hydix)xyl,  and  forms  conse- 
quently also  ethers  with  acid  radicals.  Thus,  on  treating  ethyl  citrate 
with  acetylchloride  the  ethyl-ether  of  acctyldtric  acid  is  formed, 

C3H,  I  JJg^'c^H,),'  ^  ^'^"^"^  ^"""^S  at  288^ 

By  acting  with  chlorine  or  bromine  upon  an  aqueous  solution  of 
the  acid  or  a  citrate,  decomposition  takes  place  with  the  formation 
of  chloroform  or  bromoform,  and  substitution-products  of  methyl 
acetate. 

Citric  acid  melts  at  150°,  and  is  resolved  at  175°  into  water  and 
aconitic  acid : — 

CeHgO,  =  H,0  +  C.HeOe 


ACONITIC  ACID   CgHgOg. 

This  tribasic  acid  occurs  in  several  plants  (Aconitum  Napellus^ 
Delphinium  consolidum,  and  Equisettcm  Jluviatile),  It  is  best  pre- 
pared by  heating  citric  acid  quickly  until  oily  drops  begin  to  condense 
in  the  neck  of  the  retort  The  residue  is  exhausted  with  ether,  in 
which  aconitic  acid  dissolves.  It  forms  crystalline  grains,  readily 
soluble  in  water,  and  possessing  a  strong  acid  taste. 

By  the  action  of  sodium  amalgam  upon  its  aqueous  solution  it  is 
converted  into  tribasic  tricarhaMylic  acid  OgHgOg,  which  is  also  ob- 
tained by  heating  propenyl  tribromide  CgHgBrg  (see  Glycerin)  with 
potassium  cyanide,  and  decomposing  the  nitrHe  thus  formed  with 
caustic  potash. 

These  reactions  explain  the  constitution  of  these  three  acids  : — 

TricarbaUylic  Acid.  Aconitic  Acid.  Citric  Acid. 

CH-.CO.OH  CHj.CO.OH  CIL.CO.OH 

I  J.  I 

CH.CO.OH  C.CO.OH  CH.CO.OH 

I  'I  i 

CH2.CO.OH  CH.CO.OH  CH(OH)CO.OH 

Itaconic  Add  CgH^O^  is  formed  by  distilling  aconitic  acid : — 

CeH,Oe  =  CO,  +  C,H,0, 
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It  is  readily  obtained  by  heating  citric  acid  rapidly  until  the  distil- 
late begins  to  assume  a  dark  colour.  The  liquid  thus  obtained  is 
heated  to  120^  and  the  crystals  which  form  on  cooling  are  recrystal- 
lized  from  water.  It  is  also  formed  by  heating  an  aqueous  solution  of 
citric  acid  in  closed  tubes  to  160°.  It  forms  large  rhombic  prisms 
possessing  a  sour  taste.  It  melts  at  161**,  and  is  decomposed  by  dis- 
tillation into  water  and  the  anhydride  of  citraconic  add, 

Citraconic  Acid  is  isomeric- with  itaconic  acid,  and  is  obtained  by 
repeatedly  distilling  the  latter  acid ;  citraconic  anhydride  C^Ufi^ 
being  formed,  an  oily  liquid,  which  when  exposed  to  the  air  absorbs 
moisture,  and  is  converted  into  citraconic  acid,  forming  rhombic 
octahedrons  melting  at  120°.  On  heating  it  with  water  to  120**  it  is 
again  converted  into  itaconic  acid. 

Mesaconic  Acid, — ^When  itaconic  acid  is  boiled  with  weak  nitric 
acid,  a  new  isomeric  modification  is  formed,  which  crystallizes  from 
alcohol  in  shining  prisms,  which  are  sparingly  soluble  in  water,  melt 
at  208%  and  sublime  at  a  higher  temperature. 

These  three  isomeric  acids  are  non-saturated  compounds  which 

combine  with  nascent  hydrogen,  all  tliree  yielding  one  and  the  same 

f  CO  OH 
product,  viz.  pyrotartaric  add  CfiA  no  OH'     ^^  explain  the  iso- 

r  CO  OH 

merism  of  itaconic,  citraconic,  and  mesaconic  acids  CgH^-j  poOTT 

we  must  assume  that  in  the  propene  group  CjH^  of  pyrotartaric  acid, 
two  atoms  of  hydrogen  are  wanting,  occupying  different  positions. 
This  is  proved  by  the  fact  that  the  three  acids,  on  combining  with 
bromine  or  with  hydrochloric  acid,  yield  isomeric  substitution-pro- 
ducts of  pyrotartetric  acid. 

Bibromopyrotartaric  Add  C8H^Br2(CO.OH)2  is  obtained  by  adding 
bromine  to  an  aqueous  solution  of  itaconic  acid.  On  heating  it  with 
water  and  silver  oxide  it  is  converted  into  an  acid  which,  being 
homologous  with  tartaric  acid,  has  been  called  itatartaric  add 
C^H^(OH)2(CO.OH)2.  By  boiling  an  aqueous  solution  of  sodium 
bibromopyrotartarate  it  is  resolved  into  sodium  bromide  and  aconic 
add  C^H.O,  =  C8H,(C0.0H)j. 

This  acid  forms  large  crystals  melting  at  154** ;  it  is  a  monobasic 
acid.  On  boiling  it  with  baryta-water  it  is  resolved  into  formic  acid 
and  succinic  acid.  It  is  not  acted  upon  by  heating  it  with  acetic 
anhydride,  showing  that  it  contains  no  hydroxyl,  and  has  probably 
the  following  constitution  : — 

.COv 
0<      >C— CHj— CO.OH 

Citrahibromopyrotartaric  Add  C3H^Brg(C0.0H),  is  obtained  by 
combining  bromine  with  citraconic  acid.  It  is  readily  soluble  in 
water,  and  yields,  on  boiling  its  solution  with  potash,  potassium  bro- 
mide, potassium  carbonate,  and  monobronuhisocrototiic  add  C^H^BrO^. 
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MesabibroTrwpyi'otartaric  Acid  C8H^Bro(CO.OH)2. — Mesaconic  acid 
combines  readily  with  bromine^  yielding  this  acid,  which  by  the  action 
of  alkalis  is  also  converted  into  monobromo-isocrotonic  acid.  By  the 
action  of  sodium  amalgam  and  water  on  monobromo-isocrotonic  acid 
it  is  converted  into  isobutyric  add, 

Monochlorqpyrotartaric  Acid  CgH^C^CO.OH)-  is  produced  by  heat- 
ing itaconic  acid  with  concentrated  hydrocmoric  acid.  It  mdts 
at  140^  and  yields,  when  heated  with  water,  Uamalic  ctcid 
C3H5(OH)(CO.OH)2,  long,  white,  deliquescent  needles,  which  when 
strongly  heated  are  resolved  into  water  and  itaconic  acid. 

Citramonochloropyrotartaric  Add  C3H5Cl(CO.OH)j. — ^This  com- 
pound, which  is  formed  by  heating  citraconic  acid  with  hydrochloric 
acid,  is  a  very  unstable  body,  easily  splitting  up  into  hydrochloric  and 
mesaconic  acids.  On  heating  its  solution  with  an  alkali  it  is  resolved 
into  carbon  dioxide,  hydrochloric  acid,  and  isocrotonic  acid. 

Mesarnxmochloropyrotartaric  Add  is  a  more  stable  body  than  the 
preceding  acid,  but  yields  by  the  action  of  water  and  alkalis  the  same 
products  as  the  latter. 

Monochlarodtramalic  Add  C8H^(OH)Cl(CO.OH)2  is  an  amorphons 
substance  formed  by  the  union  of  citraconic  acid  with  hypochlorous 
acid.  On  heating  its  aqueous  solution  with  zinc,  amorphous  and 
deliquescent  dtramalic  acid  C8Hg(0H)(C0.0H)^  is  obtained.  When 
the  neutral  solution  of  a  monochlorocitramalate  is  boiled,  citratartarie 
acid  C3H^(OH)2(CO.OH)2  is  formed. 


DEOXALIC   ACID   CAHaOa. 


d^-^8^9* 


The  ethyl-ether  of  this  acid  is  produced  by  shaking  ethyloxalate 
with  sodium  amalgam  at  a  low  temperature.  The  resulting  soft  grey 
mass  is  exhausted  with  ether,  which  dissolves  ethyl  desoxalate,  whilst 
the  residue  contains  mercury,  sodium  oxalate,  and  other  undefined 
bodies. 

Mhyl  Deoxalate  CQH.fig{C2lS.^^  is  soluble  in  water^  and  forms 
large  transparent  crystals.  On  boiling  it  with  baryta-water  it  is  con- 
verted into  barium  deoxalate  CgH^BagO^  +  3HjO,  a  white  amorphous 
powder.  Ammonitcm  deoxalate  OgH5(lf HJ3O9  -f  H^O  is  obtained  by 
decomposing  the  barium-salt  with  ammonium  carbonate.  By  adding 
silver  nitrate  to  its  solution,  silver  deoxalate  C^H^AgJOg  +  H^O  is 
precipitated,  a  very  unstable  body,  which,  when  exposed  in  the  moist 
state  to  the  dfeylight,  decomposes,  silver  separating  out  in  form  of  a 
mirror. 

The  free  deoxalic  acid  is  not  known.  On  decomposing  the  silver 
salt  with  hydrogen  sulphide,  and  evaporating  the  solution,  the  acid  is 
resolved  into  glyoxylic  acid  and  inactive  tartaric  acid : — 
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By  the  action  of  acetic  acid  upon  potassium  deoxalate  the  com- 
pound C^II^KgOg  +  H,0  is  produced.  The  corresponding  acid  CgH^Og 
is  tribasic,  and  can  be  obtained  by  decomposing  the  lead  salt  with 
hydrogen  sidphide ;  it  is  a  crystallme  deliquescent  mass. 

The  formation  of  deoxalic  acid  from  oxalic  acid  can  be  easily  ex- 
plained. The  latter  acid  is  first  reduced  to  glyoxylic  acid,  of  which 
three  molecules  combine  with  hydrogen,  forming  deoxalic  acid : — 

CO,H 

I 
CO^H  HC.O-CH(OH)— CO.H 

3     ^         +H3=      -I 


OH  CH.OH 

0^ 


i 


This  formula  explains  the  decomposition  of  the  acid  into  tartaric 
and  glyoxylic  acids.  Deoxalic  acid  is  tribasic,  but  as  the  barium- 
and  silver  salt  show,  one  atom  of  hydrogen  in  one  of  the  alcoholic 
hydroxyl  groups  can  also  be  replaced  by  a  metal. 


URIC    ACID    C5H4N4O,. 

Uric  acid  occurs  in  the  urine  of  all  animals.  The  excrements  of 
serpents  consist  almost  entirely  of  uric  acid  and  ammonium  urate, 
and  those  of  birds  and  insects  contain  a  large  quantity  of  these  com- 
pounda  Human  urine,  and  that  of  animals  feeding  on  flesh  or 
com,  contain  only  a  small  quantity  of  uric  acid,  and  still  less  is 
found  in  the  urine  of  herbivorous  animals. 

Being  very  sparingly  soluble  it  'often  separates  from  urine  as  a 
crystalline  precipitate ;  if  this  takes  place  in  the  bladder,  gravel  and 
stones  are  produced*  In  certain  diseases,  as  in  gout,  acid  sodium 
urate  crystcdlizes  out  in  the  muscles  and  between  the  joints. 

For  the  preparation  of  uric  acid  either  guano  or  excrements  of  ser- 
pents are  used.  The  excrements,  or  guano  which  has  been  previously 
treated  with  dilute  hydrochloric  acid,  are  dissolved  in  dilute  hot 
potash-solution,  and  the  uric  acid  precipitated  by  dilute  sulphuric  acid. 

Uric  acid  is  a  white  crystalline  powder,  without  taste  and  smell ;  it 
is  almost  insoluble  in  cold  water,  and  only  sparingly  in  boiling  water. 
In  alcohol  and  ether  it  is  insoluble,  but  it  is  readily  soluble  in  hot 
concentrated  sulphuric  acid,  and  separates  out  again  from  this  solution 
on  addition  of  water. 
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URATES. 

Uric  acid  is  a  bibasic  acid.  The  normal  salts  of  the  alkali-metals 
are  not  very  freely  soluble  in  water ;  the  most  soluble  being  lithium 
urate;  potassium  urate  is  less  soluble,  and  sodium  urate  the  least 
soluble  salt.  By  passing  carbon  dioxide  into  their  solutions,  acid 
urates  are  precipitated,  being  less  soluble  than  the  normal  salts.  The 
urates  of  the  other  metals  are  insoluble. 

Uric  acid  can  easily  be  detected,  even  when  present  in  small 
quantity,  by  dissolving  it  in  a  few  drops  of  nitric  acid,  and  evapo- 
rating the  solution  cautiously  nearly  to  dryness.  A  yellow  residue  is 
obtained,  which  assumes  a  deep-red  colour  on  addition  of  ammonia 
(see  Murexide). 

By  destructive  distillation  uric  acid  yields  cyanuric  acid,  ammonium 
cyanide,  urea,  and  other  products. 

On  heating  it  with  hydriodic  acid  to  160**  to  170**  it  is  resolved 
into  glycocoU,  ammonia,  and  carbon  dioxide : — 

CgH.N^Oj  +  BRfi  =  CjHgNOg  +  SNHj  +  SCO, 

By  the  action  of  cold  nitric  acid  it  is  oxidized  to  alloxan  and 
urea: — 

C.H^N.Oj  +  0  -f  HjO  =  C^HgNjO^  +  CH.NjO 

Alloxan  C^H^NjO^  is  mesoxalyl-urea,  ue,  urea  in  which  two  atoms 
of  hydrogen  are  replaced  by  the  dyad  radical  mesoxalyl  CjOj. 

This  reaction  shows  that  uric  acid  contains  three  atoms  of  carbon 
linked  together.  Its  constitution  is  not  yet  exactly  imderstood ;  the 
following  formula  does  not  appear  improbable,  as  it  explains  most  of 
the  reactions  and  decompositions  of  this  acid : — 

HN— C  =  N 


00     CO 


CO 
HN— CH— NH 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by 
oxidizing  agents,  and  for  the  great  number  of  interesting  derivatives 
which  it  thus  jdelds.  Most  of  these  ureids  are  compound  ureas  or 
urea  in  which  a  part  of  the  hydrogen  is  replaced  by  acid  radicals. 

Mycomelic  Acid  C^H^N^Og. — When  uric  acid  is  heated  with  water 
in  sealed  tubes  to  180",  mycomelic  acid  is  formed.  This  compound  is 
of  great  interest,  as  it  has  lately  been  obtained  by  a  very  simple 
synthetical  process.  Equal  volumes  of  cyanogen  gas  and  ammonia 
combine,  forming  a  black  amorphous  body  called  hydrazulmin  C^H^Ng ; 
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by  acting  on  it  with  water  it  is  converted  into  hydrazulmoxin  or 
azulmic  acid  C4H5N5O  : — 


C,H,N,  +  H,0  =  C,HjN,0  +  NH 


8 


This  compound  is  also  produced  by  the  spontaneous  decomposition 
of  an  aqueous  solution  of  cyanogen  gas,  and  by  the  action  of  this 
gas  on  aqueous  ammonia.  When  azulmic  acid  is  boiled  repeatedly 
with  water,  it  is  converted  into  mycomelic  acid : — 

C^HgN.O  +  HjO  =  C^H,N,Oj  +  NH, 

Mycomelic  acid  is  a  light  yellow  powder,  very  sparingly  soluble  in 
cold  water,  and  little  more  in  boiling  water.  In  acids  and  alkalis  it 
is  freely  soluble.  Its  aqueous  yellow  solution  shows  a  fine  greenish 
blue  fluorescence,  and  when  dropped  into  water  forms  beautiful  sky- 
blue  clouds. 

Alloxan  or  Mesoxalyl-urea  Cfi^fi^-—  Cold  nitric  acid  dissolves  uric 
acid  with  evolution  of  carbon  dioxide  and  nitrogen,  and  when  the 
solution  is  saturated  it  solidifies  to  a  crystalline  mass  of  alloxan. 
Alloxan  crystallizes  firom  a  warm  aqueous  solution  in  crystals 
resembling  heavy  spar,  and  containing  four  molecules  of  water.  From 
a  hot  concentrated  solution  it  separates  on  evaporation  in  Jiard 
rhombic  crystab,  containing  only  one  molecule  of  water.  Its  aqueous 
solution  stains  the  skin  red,  and  confers  on  it  a  nauseous  smell.  It 
possesses  an  unpleasant  sour-salty  taste,  and  an  acid  reaction.  With 
ferrous  salts  it  gives  a  blue  coloration.  When  alloxan  is  boiled  with 
ammonia  it  is  converted  into  mycomelic  acid : — 

C^H^jO^  +  2NH3  =  C,H,N,0,  +  2H,0 

Alloxanic  Add  C^H^NgOg. — The  salts  of  this  acid  are  produced  by 
the  action  of  alkalis  upon  alloxan.  It  is  conveniently  prepared  by 
heating  a  solution  of  alloxan  and  bariiun  chloride  ivith  potash 
solution,  which  has  to  be  added  gradually  until  the  precipitate  formed 
does  not  longer  redissolve.  On  cooling,  barium  alloxanate  separates 
out  as  a  crystalline  powder,  which  is  decomposed  by  sulphuric  acid. 
The  acid  is  readily  soluble  in  water,  and  crystallizes  in  white  needles. 

Mesoxalic  Add  CjHgOg. — ^When  barium  alloxanate  is  boiled  with  a 
large  quantity  of  water  it  is  resolved  into  urea  and  barium  mesoxalate. 
This  reaction  will  be  easily  understood  by  comparing  the  following, 
formulae : — 

Alloxan.  AUozanic  Acid.  Mesoxalic  Acid. 

CO— Nil  CO NH  CO.OH 

CO     CO  CO  CO  CO 


II  II 

rtf\      XTTT  r<i\  r\Ti    w 


CO— NH  CO.OH   NHj  CO.OH 


V.  % 
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Mesoxalic  acid  fonns  deliquescent  crystals.  By  the  action  of 
nascent  hydn^en  it  is  converted  into  tartronic  acid  (see  page  228). 
Silver  mesoxalate  is  an  insoluble  precipitate,  which  when  boiled  with 
water  is  decomposed  into  free  mesoxalic  acid,  silver  oxalate,  carbon 
dioxide,  and  metallic  silver : — 

SCaOjAg,  +  H,0  =  CgOgH,  +  C^O.Ag,  +  CO,  +  Ag, 

DialuHc  Acid  or  Taironyl-urea  CJI^N^^a  ^  produced  by  the  action 
of  reducing  agents  upon  i^oxan ;  thus  it  is  formed  by  mixing  hot 
solutions  of  stannous  chloride,  hydrochloric  acid,  and  alloxan  : — 

CO— NH  CO ^NH 

CO    CO  +  2HC1  +  SnCL  =  HC.OH    CO + 


2HC1  +  SnCl,  =  HC.OH    CO  +  SnCl^ 
CO— NH  CO^ NH 


It  crystallizes  in  short,  four-sided  prisms,  and  has  a  strong  acid 
reaction ;  when  exposed  to  the  air  it  absorbs  oxygen,  and  is  converted 
into  alloxantin. 

Alloxantin  CgH.N^Oy. — This  body  is  formed  not  only  by  the 
oxidation  of  dialunc  acid,  but  also  by  reducing  alloxan  with  hydrogen 
sulphide.  It  is  a  compound  standing  intermediate  between  dialuric 
acid  and  alloxan,  and  is  therefore  also  obtained,  as  a  crystalline 
precipitate,  by  mixing  concentrated  solutions  of  these  two  com- 
pounds :— 

CO— CO      CO NH        CO— CO  CO— NH 

CO    NH  +  CH.OHCO    =    CO    N— CH    CO  +  H,0 
NH— CO      CO NH     .  NH— CO  00— NH 

It  cryBtaUizes  in  small  hard  prisms  containing  three  molecules  of 
water.  When  exposed  te  the  air  it  absorbs  ammonia  and  assumes  a 
reddish  colour.  Its  aqueous  solution  gives  with  baryta-water  a  violet 
precipitate,  which  when  boiled  with  water  is  resolved  into  barium 
dialurate  and  alloxanate. 

UramUe  or  Dialuramide  C^K^fi^ — ^When  alloxantin  is  boiled 
with  a  solution  of  ammonium  chlonde,  uramile  is  deposited  as  a 
crystalline  precipitate,  and  the  solution  contains  alloxan  : — 

CgH^N A  +  NH3  =  C.H^NjOg  +  C^H,N,0^ 

Pseudo-uric  Acid  CgH^NX)^. — ^The  potassium  salt  of  this  acid  is 
obtained  as  a  yellow  crystalline  powder,  when  uramile  is  boiled  with 
a  concentrated  solution  of  potassium  cyanate.  The  free  acid  forms 
small  colourless  cnrstals,  sparingly  soluble  in  water.  The  following 
equation  explains  the  formation  of  this  body  :-^ 
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NH— CO  KH— CO 

CO     CH,NH.  +  CNOH    =    CO     C] 


.NH,  +  CNOH    =    CO     CH.NH.CO.NH, 
NH 


[—CO  NH— CO 


Snlpho-psevdo-vHc  Acid  C^H^N^OgS  is  produced  by  heating  alloxan 
and  8ulphur-urea  with  a  concentrated  alcoholic  solution  of  sulphur 
dioxide : — 

NH— CO  NH— CO 

CO     CO  +  NHyCS.NH,    =    CO     C.H.NH.CS.NH,  ^^  O 

NH— CO  NH— COj 

It  forms  thin  white  needles  and  is  insoluble  in  water,  but  soluble 
in  acids. 

Purpuric  Acid  CgHgNgO^. — ^This  compound  is  not  known  in  the 
free  state  ;  its  ammonium  salt  is  that  beautiful  substance]  known  by 
the  name  of  murexide,  which  is  obtained  by  boiling  a  mixture  of 
dialuramide  and  mercuric  oxide  with  dilute  aqueous  ammonia.  It 
may  also  be  prepared  by  adding  ammonia  to  a  hot  solution  of 
dialuramide  and  alloxan : — 

NH,  +  C,H,N,0,  +  C,H^,0,  =  C8H,N,07.NH,  +  H,0 

Murexide  is  also  formed  by  evaporating  uric  acid  with  a  little  nitric 
acid  nearly  to  dryness,  and  adding  ammonia  to  the  residue. 

Murexide  crystallizes  in  small  prisms,  which  by  reflected  light 
exhibit  a  fine  beetle-green  lustre,  and  dissolve  in  water  with  an 
intense  purple  colour.  The  solution  dyes  silk  and  wool  a  beautiful 
red  shade,  and  was  a  few  years  ago  manufactured  for  this  purpose, 
but  has  now  been  superseded  by  aniline-red. 

When  a  solution  of  murexide  is  boiled  with  potassium  nitrate, 
potassium  purpurate  CgH^N^O^K  is  formed,  a  salt  resembling 
murexide.  The  purpurates  of  the  alkali-metals  dissolve  in  water 
with  a  bluish-purple  colour ;  those  of  the  other  metals  are  insoluble 
in  water.  They  are  decomposed  by  acids  with  the  formation  of 
dialuramide  and  alloxan. 

Purpuric  acid  has  probably  the  following  constitution : — 

NH— CO        CO— NH 

io     C=N— CH    CO 

I'll 
NH— CO        CO— NH 

Hydurilic  Acid  Cgll^N^O^.— When  dialuric  acid  is  heated  with 
glycerin  it  is  resolved  into  carbon  dioxide,  formic  acid,  and  wivl 
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ammonium  hydurilate.    The  free  acid,  which  may  be  obtained  by 

decomposing  the  ammonium-salt  with  hydrochloric  acid,  crystallizes 

in  smsJl  four-sided  prisms,  and  is  sparingly  soluble  in  water.     It  is  a 

strong  bibasic  acid,  which,  as  well  as  its  salts,  give  with  ferric  chloride 

a  beautiful  green  coloration.     Concembrated  nitric  acid  oxidizes  it  to 

alloxan ;  a  more  dilute  acid  produces,  besides  the  latter  compound,  two 

other  bodies,  called  violuric  acid  and  dilituric  acid. 

f  CONH  *> 
Violuric  Acid  or  Nitrosomalonyl'Urea  CH(NO)  <  qqVtt  \  CO. — 

By  the  action  of  cold  dilute  nitric  acid  (1*2  specific  gravity)  upon 
hydurilic  acid,  alloxan  and  violuric  acid  are  formed : — 

The  potassium  salt  of  this  acid  is  obtained  by  adding  acetic  acid  to 
a  mixture  of  hydurilic  acid  and  potassium  nitrite ;  it  crystallizes  in 
deep-blue  plates  having  the  composition  C^HgNjO^K  +  2H2O.  When 
barium  chloride  is  added  to  the  violet  solution  of  potassium  violuiate, 
the  barium  salt  is  obtained  as  a  red  precipitate.  The  free  violuric 
acid  is  prepared  by  decomposing  the  latter  salt  with  sulphuric  acid ; 
it  crystallizes  in  yellowish  prisms.  All  its  salts  are  distinguished  by 
their  beautiful  colours.  Ammonium  violurate  resembles  the  potas- 
sium salt;  sodium  violurate  crystallizes  in  short  red  needles; 
magnesium  violurate  forms  small  purple  crystals ;  and  the  ferrous  salt 
crystallizes  in  hexagonal  plates,  having  a  red  metallic  lustre  and 
dissolving  in  water  with  a  blue  colour. 

When  bromine  is  added  to  a  solution  of  violuric  acid,  nitrous 

fumes  are  given  off,  and  hibromomalonyl-urea  C^HgBrJfgOj  is  formed. 

Caustic  potash  decomposes  violuric  acid  into  urea,  and  nitrosomalonic 

acid. 

f  CO  OH 
NitrosomcUonic  Acid  CH(NO)  -J  qq'oh  ^  ^^^  soluble  in  water, 

and  crystallizes  in  glistening  needles.  When  heated  it  first  fuses  and 
afterwards  decomposes  with  a  violent  explosion.  By  the  action  of 
sodium  amalgam  on  its  aqueous  solution  it  is  converted  into  amido- 

malonic  acid  CE.{lSli^  <  CO  OH' 

Hydriodic  acid  converts  violuric  acid  into  dialuramide  or  amido- 
malonyl'Urea, 

Dilituric  Acid  (yr  NitromalonyUurea  CH(N02)  j  qq  NH  I  ^^  ^* 

formed  by  the  action  of  nitric  acid  upon  violuric  acid  or  hydurilic 
acid.  It  crystallizes  in  colourless  prisms  and  forms  colourless  salts. 
Hydriodic  acid  reduces  it  to  dialuramide. 

Barbituric  Add  or  Mdlonyl-urea  CH2  \  po  NH  f  CO  is  obtained 

by  reducing  bibromomalonyl-urea  with  hydriodic  acid  or  sodium 
amalgam  and  water.    It  is  a  bibasic  acid,  crystallizing  in  rhombic 
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crystals  which  are  sparingly  soluble  in  water.  On  boiling  with  potash 
solution  it  is  resolved  into  malonic  acid  and  urea. 

Hydurilic  acid,  a  compound  previously  described,  is  nearly  related 
to  barbituric  acid.  It  is  formed  from  two  molecules  of  dialuric  acid, 
one  of  them  being  converted  into  barbituric  acid,  which  combines 
with  another  molecule  thus : — 

p^  J  CO.NH  \  p^  p„  J  CO.NH  )  p^ 

Pardbanic  Add  or  OxalyUurea  CjO^  i  ^^  >  CO   is  formed   by 

oxidizing  alloxan,  and  is  readily  obtained  by  dissolving  uric  acid  in 
common  nitric  acid,  and  evaporating  the  solution  to  the  consistency 
of  a  sjrrup.  It  crystallizes  in  thin  plates,  readily  soluble  in  water, 
and  possessing  a  very  sour  taste.  It  is  a  bibasic  acid,  which  when 
boiled  with  duuted  acids  is  resolved  into  urea  and  oxalic  acid.  Its 
aqueous  solution  gives  with  silver  nitmte  a  white  precipitate  of  silver 
parabanate  CgNjOjAg,,  which  when  heated  with  methyl  iodide  yields 
oxalyl-dimethylurea  03^203(0118)2,  a  compound  which  has  been  also 
obtained  as  a  product  of  decomposition  of  caffeine. 

The  aqueous  solutions  of  parabanates  soon  undergo  a  change, 
parabanic  acid  combining  with  water  and  forming  oxaluric  oM 
CaH^NjO,:— 

CO— NH.  CO— NH— CO— NH- 

I  >  +  H2O  =  I 

CO— Nff  CO— OH 

Oxaluric  acid  is  a  crystalline  powder,  and  is  sparingly  soluble  in 
water.  Ethyl  oxalurate  has  been  produced  by  the  action  of  ethyl- 
oxalyl  chloride  (see  page  204)  upon  urea.  It  forms  a  crystalline 
powder,  which  is  but  sparingly  soluble  in  cold  water. 

Tribramacetyl'Urea  CgHgBr^g^s  ^  obtained  by  the  action  of  bro- 
mine upon  an  aqueous  solution  of  bibromomalonyl-urea : — 

NH— CO  NH— CO— CBr. 

I  I  I 

CO— CBrj  +  HgO  +  Br,    =   CO  +  CO,  +  HBr 

II  I  • 
NH— CO                                 NHj 

It  crystallizes  in  long  colourless  needles,  the  dust  of  which  has  a 
most  irritating  action  upon  the  nose  and  eyes.  It  fuses  at  148^  and  at 
a  higher  temperature  decomposes  into  tribromacetamide  and  cyanuric 
acid.  By  the  action  of  alkalis  it  is  resolved  into  urea,  carbon  dioxide, 
and  bromoform. 
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CH.3jNH) 
IlydarU&in   or  Olyeolyl-urea  I  vCO. — When   urea  is  acted 

CO.NH  j 
upon  by  monobromacetyl  bromide,  monobromacetyl  urea  is  formed, 
a  compound  resembling  tribromacetyl-urea.     On  heating  this  body 
with  alcoholic  ammonia  it  is  converted  into  hydantoi'n  : — 

"■"^^^O  +  NH.  =  O.H.0^^  +  NH.B, 

The  same  body  is  formed,  together  with  carbon  dioxide,  water,  and 
free  iodine,  when  alloxan  is  heated  with  hydriodic  acid.  It  forms 
colourless  crystals,  possessing  a  faint  sweet  taste,  and  melting  at  206^ 
By  boiling  with  baryta-water  it  takes  up  water,  and  is  converted  into 

hydantoic  add  or  glycoluric  add  CO  -J  ^-^      *'      *   . 

AllanU/Ln  C^HqN.Oj  is  contained  in  the  allantoic  liquid  or  urine  of 
the  foetal  calf,  and  also  in  the  urine  of  sucking  calves.  It  is  also  pro- 
duced, together  with  oxalic  acid  and  urea,  by  heating  uric  acid  with 
lead  dioxide  and  water.  It  forms  brilliant,  transparent  prisms,  which 
are  sparingly  soluble  in  water. 

By  the  action  of  sodium  amalgam  and  water  it  is  converted  into 
glycolurile  C^HgN^Oj,  which,  when  heated  with  acids,  takes  up  water, 
and  is  resolved  into  urea  and  glycolyl-urea.  The  constitution  of  these 
compounds  may  therefore  be  expressed  as  follows : — 

AUantoin.  Glycolurile. 

NH— C=N— CO.NH,  NH— C=N— CO.NH, 


io 


I 

CO 

I 

NH— CH.OH  NH— CHj 


XANTIUNE,  SARCIXE,  AMD  GUAMIME. 

ff 

Xanthine CgH^N^Og 

Sarcine C^H^N^O 

Guanine CgH^NgO 

These  three  compounds  occur  in  the  animal  organism.  Xanthine  and 
sarcine  have  also  been  obtained  by  reducing  uric  acid  with  sodium 
amalgam  and  water,  and  xanthine  is  produced  by  the  action  of  nitrous 
acid  upon  guanine. 

Xanthine  is  present  in  minute  quantity  in  urine,  and  in  nearly 
all  parts  of  the  animal  oi^ganism ;  in  larger  quantity  it  has  been  found 
as  a  constituent  of  certain  urinary  calculi.  After  the  continued  use 
of  sulphur-baths  urine  contains  larger  quantities  of  xanthine.     It  is 
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most  conveniently  prepared  from  guanine.  Potassium  nitrite  is  added 
to  a  solution  of  guanine  in  nitric  acid,  until  copious  red  fumes  are 
uvolved.  On  adding  water  to  the  solution  a  precipitate  consisting  of 
xanthine  and  nitroxanthine  is  formed,  which  latter  compound  is  con- 
verted into  xanthine  by  reducing  it  with  a  ferrous  salt. 

Xanthine  is  a  white  amorphous  powder,  and  sparingly  soluble  in 
water.  It  combines  with  acids,  forming  crystallized  salts,  and  also 
readily  dissolves  in  alkalis.  On  adding  silver  nitrate  to  its  aqueous 
solution,  a  white  gelatinous  precipitate  of  silver-xanthine  CgHjN^OjAgj 
+  HjO  is  obtained.  By  acting  with  methyl  iodide  on  this  body,  it  is 
converted  into  dimethyl-xanthine  Cfi2{^IL^^fi2^  which  is  isomeric 
with  theobromine. 

Xanthine  dissolves  in  fuming  nitric  acid  without  evolution  of  a  gas. 
On  evaporating  this  solution  a  yellow  residue  is  left  behind,  which  on 
addition  of  potash-solution  assumes  a  yellow-red  colour,  which  on 
evaporation  changes  into  violet 

tSarcine  or  Hypoxanthine  occurs  in  the  flesh  of  vertebrata,  and  forms 
a  white  crystalline  powder  which  is  very  sparingly  soluble  in  cold 
water,  and  unites  with  bases  and  acids.  Its  solution  in  nitric  acid 
leaves  on  evaporation  a  colourless  residue,  which  is  not  changed  by 
caustic  potash. 

Guanine  occurs  in  Peruvian  guano,  in  the  excrements  of  spiders, 
and  the  pancreatic  juice  of  mammalia.  In  the  so-called  guanine-gout 
of  pigs,  it  is  foimd  deposited  in  the  muscles  of  these  animals.  To 
prepare  it,  guano  is  boiled  with  milk  of  lime,  the  solution  filtered 
and  precipitated  with  acetic  acid.  The  precipitate,  consisting  of 
uanine  and  uric  acid,  is  dissolved  in  hot  hydrochloric  acid,  and  the 
uanine  precipitated  with  ammonia. 

Guanine  is  a  colourless  crystalline  powder,  which  is  insoluble  in 
water,  alcohol,  ammonia,  but  soluble  in  acids  and  potash-solution.  It 
is  a  bi-acid  base,  forming  two  series  of  salts. 

When  guanine  is  heated  with  potassium  chlorate  and  hydrochloric 
acid,  it  is  oxidized  to  guanidine  (see  page  103),  parabanic  acid,  and 
carbon  dioxide : — 

C,H,Br,0  +  03  +  H,0  =  CH,N3  -h  C^U^lSfi^-^  CO, 

With  nitric  acid  and  caustic  potash  it  gives  the  same  reactions  as 
xanthine. 

Carnine  C^HgN^Og. — This  weak  base  has  been  found  in  "  extractum 
camis."  It  forms  small  colourless  crystals,  which  are  sparingly 
soluble  in  cold,  but  freely  in  boiling  water.  By  the  action  of  bro- 
mine-water or  nitric  acid  it  is  converted  into  sarcine.  This  reaction 
takes  place  probably  according  to  the  following  equation  : — 

C^HgN.Oa  +  Br,  ==  C^H.N.O  +  HBr  +  CH^Br  +  CO, 


(I 
o 
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CllEATINE  AND  CREATININB. 

Creatine  C^H^NjO,  occurs  in  the  flesh  of  all  vertebrata,  and  also  in 
small  quantity  m  the  brain  and  blood.  To  prepare  it,  finely  chopped 
meat  is  exhausted  with  cold  water,  and  the  solution  boiled  and  filtered. 
To  the  filtrate  baryta- water  is  added  to  precipitate  phosphoric  acid, 
and  the  solution  evaporated  on  a  water-bath  to  a  syrupy  state.  On 
standing  creatine  gradually  crystallizes  out^  which  is  purified  by  le- 
crystallization. 

It  crystallizes  in  brilliant  prisms  containing  one  molecule  of  water, 
and  possessing  a  slightly  bitter  taste.  It  dissolves  readily  in  boiling, 
but  only  sparingly  in  cold  water. 

Creatine  combines  with  acids,  formibg  ciystalline  but  very  unstable 
salts.  When  boiled  with  baryta-water,  it  is  resolved  into  sareasine 
and  urea,  and  by  the  action  of  mercuric  oxide  on  its  aqueous  solution 
oxalic  acid  and  methylgiuinidiV'e  CKJlfjK^'S^  are  formed : — 

C^H^NjO,  -h  2HgO  =  CJELfi,  +  C,H,N,  +  Hg, 

Creatine  has  been  produced  artificially  by  heating  an  alcoholic 
solution  of  sarcosine  and  freshly-prepared  cyanamide  to  100"^  for  some 
hours,  and  by  adding  ammonia  to  a  saturated  aqueous  solution  of 
these  two  compounds,  and  allowing  the  mixture  to  stand  for  some 
time : — 

C^,0^  {  g?»  -i-  NC.NH,  =  C,H,0^  I  g^n)ifH, 

Creatinine  C.H^NgO  occurs  in  urine,  and  is  formed  by  heating 
creatine  with  dilute  acids.  It  can  easily  be  obtained  fix)m  urine  by 
evaporating  it  to  about  one-thii*d  of  its  original  bulk,  decanting  from 
salt  which  crystallizes  on  cooling,  and  precipitating  the  liquid  with 
lead  acetate,  to  remove  phosphoric  acid,  &c.  The  filtrate  is  freed  fix)m 
lead  with  sodium  carbonate,  the  solution  neutralized  with  acetic  acid, 
and  mercuric  chloride  is  added,  which  combines  with  the  creatinine, 
forming  a  crystalline  precipitate. 

On  decomposing  this  double  salt  with  hydrogen  sulphide  a  solution 
of  creatinine  hydrochloride  is  obtained,  from  which  Uie  pure  salt  is 
prepared  by  evaporation  and  recrystallization  from  alcohol  It  forms 
hard  brilliant  prisms.  On  boiling  its  alcoholic  solution  with  lead 
oxide  the  free  base  is  obtained. 

Creatine  crystallizes  in  prisms  having  a  strong  alkaline  reaction, 
and  being  readily  soluble  in  water.  With  acids  it  forms  crystallizable 
salts.  When  dissolved  in  -aqueous  alkalis  it  slowly  combines  with 
water,  and  is  converted  into  creatine.  Creatinine  combines  with 
several  metallic  chlorides,  as  those  of  mercury,  zinc,  &c.,  forming 
sparingly  soluble  compounds. 
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By  boiling  crcatiuine  with  baryta-water  it  is  resolved  into  ammonia 
and  mcthyl'hydaniinn : — 

NH 

C.H^NjO  +  Hfi  =  NH3  +  CjHjO<'   ^CO 

NCH3 

When  nitric  trioxide  is  passed  into  its  aqueous  solution,  a  weak 
basic  compound  having  the  composition  C^HgN^Oj  is  formed,  which 
wlien  heated  with  hydrochloric  acid  yields  ammonia  and  viethyl- 
parabanic  add: — 

NH 

C.HgN.Oj  +  HjO  =  2NH3  +  Cfi^<^   )>C0 

NCH3 

The  synthetical  formations  of  creatine  and  creatinine,  as  well  as 
their  decompositions,  show  that  the  constitution  of  these  compounds  is 
as  follows : — 

Creatino  or  Creatinine  or 

Mothyl-guanidine-acetic  Acid.  Glycolyl-methyl-inianidine. 

NH,— C=NU  NH— C  =NH 


N.CH3 


N.CH3 


no.co— CH,  CO 


2 


— CH 


CAFFEINE  AND  THEOBROMINE. 

Theohromine  C-HgN^Oj, — This  weak  base  occurs  in  cacao-nuts 
(from  TJieobroma  Cacao),  and  has  also  been  found  in  small  quantity 
in  the  yoimg  leaves  of  Himalaya  tea.  The  nuts  are  exhausted  with 
hot  water  ;  the  solution  is  mixed  with  basic  lead  acetate,  filtered,  and 
the  filtrate  treated  with  hydrogen  sulphide  to  remove  the  lead,  and 
boiled  down  to  a  small  bulk,  which  is  exhausted  with  alcohol  to  dis- 
solve the  theobromine.  It  is  a  crystalline  powder,  sparingly  soluble 
in  water,  and  possessing  a  slightly  bitter  taste.  When  heated  with 
caustic  potash  it  is  decomposed  with  the  evolution  of  methylamine. 
It  combines  with  acids,  forming  unstable  salts,  which  are  decomposed 
even  by  water.  It  is  readily  soluble  in  aqueous  ammonia.  By  adding 
silver  nitrate  to  this  solution  a  crystalline  precipitate  of  silver  theo- 
bromine C-H^AgN.O-  is  obtained,  which  when  heated  with  methyl 
iodide  yields  methyl-theobromine  or  caffeine. 

Caffeine,  Theine,  or  Methyl-theobromine  C^HnJSfi^  occurs  in  the 
coffee-berries  (1  per  cent)  and  the  leaves  of  tne  coffee-tree,  in  tea 
(2  to  5  per  cent),  in  the  Paraguay-tea  (the  leaves  of  Hex  paraguayensia), 
in  *'  guarana  "  (5  per  cent),  a  substance  resembling  cacao,  and  which 
is  pi^pared  in  South  America  from  the  fruit  of  raulinia  sorbiiisy  and 
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also  in  the  kola-nuts,  which  are  used  as  an  article  of  food  in  Central 
Africa.  It  is  prepared  fix)m  raw  coffee-berries  or  from  tea  by  a  process 
similar  to  that  by  which  theobromine  is  obtained  from  cacao-nuts. 

Cafifeine  crystallizes  in  long  silky  needles  containing  one  molecule 
of  water,  which  escapes  on  heating.  It  melts  at  234*"  and  sublimes 
at  a  higher  temperature.  It  is  but  sparingly  soluble  in  water,  and 
possesses  a  faint  bitter  taste.  With  acids  it  forms  crystalline  salts, 
which  are  decomposed  by  water. 

Caffeine  acts  as  a  poison  when  taken  in  large  doses,  producing  pal- 
pitation of  the  heart  and  trembling.  Cats  and  rabbits  are  killed  by  a 
dose  of  0'4  to  0'5  grams. 

When  caffeine  is  boiled  with  baryta-water  it  is  resolved  into  carbon 
dioxide  and  caffeidine  CyHjjN^Og,  a  powerful  base,  which  on  prolonged 
boiling  with  barytarwater  is  decomposed  into  carbon  dioxide,  am- 
monia, methylanune,  formic  acid,  and  sarcosine : — 

CyHj^.O  +  5H,0  =  CO,  +  NH,  +  2CH,.NH,  +  CH^O,  +  C3H7NO, 

The  action  of  chlorine  upon  an  aqueous  solution  of  caffeine  pro- 
duces cyanogen  chloride,  methylamine,  and  amalic  acid  or  tetra- 
methylalloxarUin  C^(01^^fi^  +  ^fi,  colourless  crystals,  which  are 
coloured  violet  by  alkalis,  and  produce  red  stains  on  the  skin. 

By  the  further  action  of  chlorine  upon  this  compound  cholestrophane 
or  dimethylparaianic  acid  is  produced,  which  is  also  formed  by  treat- 
ing silver  parabanate  with  methyl  iodide  (see  page  247). 

The  products  of  decomposition  of  caffeine  prove  that  this  body  has 
a  constitution  similar  to  those  of  creatine  and  uric  acid.  The  follow- 
ing constitution  at  least  readily  explains  the  action  of  baryta- water 
upon  caffeine : — 

CH3N— C— N 

CO  CO     CO 


,N-CH— ; 


CH3N-CH— NCH3 


COMPOUNDS  OF  TRIAD   RADICALS. 

We  are  as  yet  only  acquainted  with  one  alcohol  of  a  triad  radical, 
viz.  glycerin  or  propenyl  alcohol.  The  derivatives  of  this  compound, 
which  have  been  very  completely  investigated,  are  much  more  nume- 
rous and  varied  than  those  of  monad  and  dyad  radicals,  as  the  fol- 
lowing table  will  show : — 
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(OH 

PROPENYL  ALCOHOL  OR  GLYCERIN  CaHj  <  OH. 

(oh 


Monochlorhydrin. 

fCl 
CM  OH 

(oh 

Trinitrin  or 
Propenyl  Trinitrate. 

(NO, 

CjHJno, 

(N03 

Monethylin. 

roH 

C,H,^  OH 


Dicblorhydrin. 

ci 
ci 

OH 


C3H6 


Trichlorhjdrin  or 
Propenyl  Trichloride. 

CI 
01 
01 


C,H, 


Chlorodinitrin. 

01 

NO. 

NO. 


CsHj 


Dichloronitrin. 

01 
01 


C»Hj 


'8 


NO, 


t 


OOjH, 


Monacetin. 

roH 

-JOH 


C,H5 


00^,0 


Snccinin. 


CgHj 


roH 


Diethylin. 

(OH 
(  00,H, 

Diacotin. 

roH 
c,hJ  oc,h,o 
(  oc,h,o 

Olyoerin-solphnric 
Acid. 

OH 
OH 
SO^H 


Triethylin  or 
Propenyl-triethyl  Ether. 

CjHJ  OOjHs 


I 


CaHj 


OC,H, 

Triacetin. 

(  OOgHjO 
0,hJ  00^,0 

(  oo,h,o 

Glycerin-phosphoric 
Acid. 

OH 
OH 
P0,H, 


CjHg 


The  propenyl  compounds  are  intimately  connected  with  propyl  and 
propene  compounds ;  they  are  derivatives  of  propane : — 


Propane. 

CH, 

I 
CH 


A 


2 


H, 


ProjT^l  AloohoL 

CH. 

I 
CHyOH 


Propene  AlcohoL 

CH, 

CH.OH 

I 
CHyOH 


Propenyl  Alcohol. 

CHyOH 
CH2.OH 
CH^OH 


Most  fats  and  oils  are  mixtures  of  propenyl  ethers  of  the  fatty 
acids  CnH^nOj  and  the  acids  of  the  oleic  series  CnHj^^Oj.  Gly- 
cerin has  also  been  found  in  small  quantities  amongst  the  products 
of  vinous  fermentation,  and  is  present  in  wine  and  beer. 

When  fats  are  heated  with  water  or  with  alkdis  they  are  converted 
into  glycerin  and  acids  or  their  alkali-salts  (soaps)} 

^  This  process  is  called  aapatiificaUon,  This  term  was  ori^ally  restricted  to  this 
decomposition  of  fats  by  alkalis,  bat  it  is  now  generally  applied  to  the  decomposition 
of  compound  ethers  into  acids  and  alcohols. 
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Glycerin  was  first  obtained  by  heating  olive  oil,  water,  and  lead 
oxide ;  insoluble  lead  salts  are  thereby  formed  {lekd  plaster),  while 
glycerin  remains  in  solution.  The  latter  is  freed  from  lead  by 
hydrogen  sulphide,  and  the  solution  evaporated.  Glycerin  is  now 
obtained  in  large  quantities  and  in  a  state  of  great  purity  in  the 
manufacture  of  stemn  candles.  The  fats,  as  tallow,  &c.,  are  distilled 
by  means  of  overheated  steam;  the  distillate  separates  into  two 
layers,  the  lower  one  consisting  of  an  aqueous  solution  of  glycerin, 
while  the  upper  one  contains  the  acids.  The  solution  of  glycerin  is 
concentrated  by  evaporation,  and  the  residue  again  distilled  with 
steam  in  an  apparatus  in  which  glycerin  condenses,  whilst  the  much 
more  volatile  steam  escapes. 

Glycerin  can  also  be  produced  artificially  from  propane.  By  the 
action  of  chlorine  on  this  compound  a  large  quantity  of  propene 
dichloride  is  formed,  which,  when  heated  with  iodine  chloride,  is  con- 
verted into  propenyl  trichloride  C0H.CI3.  This  chloride  is  decom- 
posed by  heating  with  water  to  170  ,  the  products  being  hydrochloric 
acid  and  glycerin. 

Pure  glycerin  is  a  colourless,  very  viscid  liquid,  having  a  specific 
gravity  of  1*27.  It  can  be  mixed  with  water  and  alcohol  in  all 
proportions,  and  possesses  a  very  sweet  taste.  When  exposed  to 
strong  winter-cold  it  sometimes  solidifies  to  transparent  and  strongly 
refractive  hard  crystals ;  but  commonly  it  remains  liquid,  and 
solidifies  only  at  -40''  to  an  amorphous  gum-like  mass.  When  quickly 
heated  it  distils  at  280°,  with  partial  decomposition;  but  under  a 
diminished  pressure  it  may  be  distilled  without  alteration,  boiling  at 
210°  under  a  pressure  of  50  mm. 

When  glycerin  is  added  to  an  alcoholic  solution  of  sodium  ethylate, 

(OH 
the  compound  C^A  0H  +  CgH^.OH  separates  out  in  small  crystals 

(  ONa 
grouped  in  stars,  which  at  100°  lose  alcohol,  a  white  deliquescent 
powder  of  monosodium  glyceraU  being  left  behind. 

When  yeast  is  added  to  an  aqueous  solution  of  glycerin,  and  the 
mixture  is  allowed  to  stand  at  a  temperature  of  20°  to  30°  for  some 
months,  propionic  acid  is  produced. 

Glycerin  is  easily  reduced  to  secondary  propyl  iodide  by  distilling 
it  with  an  excess  of  concentrated  hydriodic  acid : — 

CjHgOj  +  5HI  =  CsHyT  +  3H,0  -h  21^ 

Secondary  propyl-iodide  is  generally  obtained  by  this  method ;  in 
preparing  it  amorphous  phosphorus  is  added  to  the  mixture,  which 
converts  the  free  iodine  again  into  hydriodic  acid  : — 

C3H3O3  +  H,0  -h  P  +  I  =  C^H,!  +  H3PO, 

Mbnochlorhydrin  or  Propenyl  Monochlorhydrate   CjHgC^OH),  is 
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obtained  by  saturating  glycerin  with  hydrochloric  acid  gas  and  heat- 
ing the  mixture  for  some  time  to  100°. 

It  is  a  liquid  having  an  ethereal  smell,  and  boiling  at  225°  to  230°. 
By  acting  with  sodium  amalgam  on  its  aqueous  solution  it  is  reduced 
to  propene  glycol : — 

CHoCl  CH. 

I  I 

CaOH  +  Naj  +  HjO  =  CH.OH  +  NaCl  +  NaOH 

CH2.OH  CHj.OH 

When  chlorhydrin  is  heated  with  trimethylamine,  trimethylglyceT- 
ammonium  chloride  N(CH3)3C3H5(0H)2C1  is  obtained  in  white  neeKlles, 
which  are  readily  soluble  in  water.  Hie  free  base,  which  has  a  con- 
stitution similar  to  that  of  choline  (page  190),  has  not  yet  been 
prepared. 

JDichlorhydrin  or  Propenyl  DiMorhydrate  CJA^Cl^iOE),  —  This 
body  is  produced  when  glycerin  is  heated  with  a  large  excess  of 
fuming  hydrochloric  acid,  and  by  the  action  of  phosphorus  penta- 
chloride  upon  glycerin,  but  is  most  conveniently  prepared  by  satu- 
rating a  mixture  of  glycerin  and  glacial  acetic  acid  with  hydrochloric 
acid  at  100°.  It  is  an  oily  liquid,  possessing  an  agreeable  smell,  and 
boiling  at  178°.  By  the  action  of  water  and  sodium  amalgam  it  is 
reduc^  to  dimethyl  carbinol : — 

CH.C1  CH. 

I  I 

CH.OH  -h  2Na2  -h  2HjO  =  CH.OH  +  2NaCl  +  2NaOH 

CM2.GI  CH3 

By  heating  it  with  potash  solution,  hydrochloric  acid  is  taken  out, 
and  epichlorhydrin  or  monoMoropropene  oxide  CjHgClO  produced : — 

CH-Cl  CHjCl 

I  I 

CH.OH  +  KOH  =  CH         +  KCl  +  H^O 

CHgCl  CH, 

Epichlorhydrin  boils  at  119°;  it  smells  like  chloroform,  and  has  a 
burning  sweet  taste.  It  combines  with  acids  like  propene  oxide ; 
with  hydrochloric  acid  it  forms  again  dichlorhydrin,  and  on  heating 

fCl 
it  with  acetic  acid  it  yields  acetochlorhydrin  CJS.<  O.C JELJO ;  it  also 

(oh 

unites  with  water,  monochlorhydrin  or  monochloropropene  glycol 
being  thereby  formed. 

TricJUorhydrin  or  Propenyl  Trichloride  C3H5CI3. — This  compound  is 
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produced  by  the  action  of  phosphorus  pentachloride  upon  glycerin  or 
the  chlorhydrins,  and  together  with  an  isomeric  compound  when  pro- 
pene  dichloride  is  heated  with  iodine  chloride  to  170".  It  is  a  colour- 
less liquid,  possessing  a  smell  like  cliloroform,  and  boiling  at  158^  On 
heating  it  with  caustic  alkalis  a  violent  reaction  sets  in,  and  dichiaro' 
glycide  distils  over,  a  heavy  liquid  possessing  a  garlic-like  smell,  and 
boiling  at  98**.  It  combines  readily  with  one  molecule  of  chlorine 
and  bromine,  and  dissolves  in  concentrated  sulphuric  acid  with  the 
evolution  of  hydrochloric  acid.  On  distilling  this  solution  with  a 
leurge  quantity  of  water,  it  yields  monochloracetone : — 

CHjCl  CHgCl 

CCl      +  5  i  0  =  CO      +  HCl 
II  ^^         I 

Bromhydrins. — ^These  compounds  are  produced  by  the  action  of 
hydrobromic  acid  or  phosphorus  pentabromide  upon  glycerin. 

Tribrortihydrine  or  Propenyl  Tribromide  CjHgBrg  is  a  thick,  colour- 
less liquid,  boiling  at  220°,  and  solidifying  at  a  low  temperature  to 
large  brilliant  prisms,  melting  at  16°.  On  heating  it  with  an  alcoholic 
solution  of  potassium  cyanide,  it  yields  propenyl  tricyanide  or  the 
nitrite  of  tricarballylic  acid  C8H5(CN)3  (see  page  238). 

StUphydrins  are  formed  by  treating  the  different  chlorhydrins 
with  an  alcoholic  solution  of  potassium  hydrosulphide.    MoTumUphy- 

rOH 
drin  C^H^k  OH  is  a  viscid  non-volatile  liquid,  possessing  a  very  dis- 

V  SH 
agreeable  odour.   The  hydrogen  in  the  group  SH  can  easily  be  replaced 

(OH 
by  metals,  just  as  in  other  mercaptans.    DistUphydrin  CjHg-J  SH  and 

(SH 

rsH 

TrisviphydHn  OfiA  SH  have  similar  properties. 

tSH 


OlycerinstUphuric  Acid  CgH^K  OH.      — This  monobasic  acid  is 


formed  by  mixing  glycerin  with  concentrated  sulphuric  acid.  It 
forms  soluble  salts  with  barium  and  calcium.  By  decomposing  their 
solution  with  sulphuric  acid  or  with  oxalic  acid,  an  aqueous  solution 
of  glycerinsulphuric  acid  is  obtained,  which  has  a  very  sour  taste. 
On  evaporation  it  is  resolved  into  glycerin  and  sulphuric  acid. 


OlycerinpJu)sphoric  Acid  C^^^-^  OH.  — Glacial    phosphoric 

PO(OH)^ 

acid  dissolves  in  glycerin  with  the  evolution  of  heat.     On  diluting 
with  water  and  neutralizing  with  barium  carbonate  a  solution  of 
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haHum  gli/cerinphosphate  is  obtained,  which  is  decomposed  by  sul- 
phuric acid.  On  evaporating  the  solution  in  vactu),  glycerinphos- 
phoric  acid  is  obtained  as  a  strongly  sour  thick  liquid,  which  decom- 
poses on  heating.     It  is  a  bibasic  acid,  forming  crystallized  salts. 

Trinitrin,  or  Fropenyl  Nitrate  G^'R^(NO^q. — This  body,  commonly 
called  "  nitroglycerin,"  is  obtained  by  dissolving  glycerin  in  a  well- 
cooled  mixture  of  concentrated  sulphuric  acid  and  saltpetre.  On 
pouring  the  solution  in  cold  water,  nitroglycerin  separates  out.  It  is  a 
heavy,  colourless,  oily  liquid,  possessing  a  burning  sweet  taste  and  poi- 
sonous properties,  the  inhalation  of  the  vapour  producing  severe  head- 
ache. It  is  a  very  dangerous  compound,  exploding  on  heating  it  or 
by  percussion  with  the  utmost  violence.  It  has  been  much  employed 
for  blasting  in  mines  and  quarries,  but  it  is  very  dangerous  to  handle, 
and  has  given  rise  to  many  fatal  accidents.  It  is  therefore  now  not 
used  in  the  pure  state,  but  mixed  with  finely  divided  silica  (so-called 
*'  kieselguhr,"  the  remains  of  infusoria) :  this  mixture,  known  by  the 
name  of  "  dynamite,"  is  much  less  dangerous  than  the  pure  substance. 

By  dissolving  monochlorhydrin  in  a  mixture  of  nitric  acid  and  sul- 

phuric  acid,  monochlordinitrin  CgH^K  NOg  is  obtained,  an  oily  liquid 

which  does  not  explode  by  percussion,  but  is  highly  inflammable. 
The  same  compound  is  produced  by  the  action  of  nitric  acid  upon 
epichlorhydrin. 

A  very  similar  compound  is  dicUormononUrin  G^A  NO3,  which 

has  been  obtained  by  the  same  reaction  from  dichlorhydrin. 

Ethyl-ethers  of  Propenyl. — These  ethers  are  produced  by  the  action 
of  sodium  ethylate  upon  monochlorhydrine  and  dichlorhydrine. 

Eihylhydrin    C3H5  -J  //jA\  ^    boils    at     230**,    and    diethyUiydrin 

C3H5  \  Ltt^    ^^*  is  a  liquid  possessing  an  aromatic  smell,  and  boiling 

at  19r. 

Triethylhydrin  (03115002115)3,  a  liquid  boiling  at  185*",  is  formed 
by  dissolving  sodium  in  diethylhydrin  and  treating  the  product  with 
ethyl  iodide. 


PUOPENYL-ETHERS   OF  THE  FATTY   ACIDS. 

By  heating  glycerin  with  fatty  acids,  compoimd  propenyl  ethers  are 
formed,  the  three  atoms  of  hydrogen  in  the  hydroxyl-groups  being 
replaced,  one  after  the  other,  by  the  acid  radical.  Most  of  the  different 
fats  and  oils  consist  of  mixtures  of  such  ethers,  each  containing  three 
acid  radicals. 

r  a 
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Moiioformin  C3H5  <  x  rJ?Li  is  formed  by  heating  glycerin  with 

oxalic  acid.  It  is  an  oily  liquid,  soluble  in  water.  On  heating  this 
solution,  luonoformiu  is  resolved  into  glycerin  and  formic  acid. 

Monacetin  C3H5  -J  k^  J}  ^  an  oily  liquid,  which  is  soluble  in  water 

and  possesses  an  ethereal  smell,  is  formed  by  heating  glycerin  with 
acetic  acid  to  100° ;  while  by  heating  the  mixture  to  200°,  diacetin 

C3H5  \  .Qp  TT  Q\   is  obtained,  an  oily  liquid  boiling  at  280°.      When 

this  body  is  heated  with  a  very  large  excess  of  acetic  acid  to  250°,  it 
is  converted  into  triacctin  C3Hri(OC2H3())3,  a  liquid  which  is  insoluble 
in  water  and  boils  at  286*^.  This  compound  exists  in  the  oil  con- 
tained in  the  seeds  of  the  common  spindle- tree  {Eiconijmv^  europctus), 
and  has  also  been  produced  by  heating  propenyl  tribromide  with 
silver  acetate. 

The  three  butyrins  are  oily  neutral  liquids ;  tributyrin  is  found  in 
butter,  together  with  tricapronin,  tricaprylin,  and  tricaprin ;  irimy- 
ristin  occurs  in  nutmeg- butter. 

Monopalmitin  melts  at  49°,  dipalmitin  at  59° ;  both  compounds  are 
produced  by  heating  glycerin  with  palmitic  acid  in  sealed  tubes.  By 
using  a  large  excess  of  palmitic  acid  and  heating  the  mixture  to  250** 
for  twenty-four  hours,  tripalmitin  is  formed,  a  compound  occurring 
in  many  fats.  It  is  prepared  by  exposing  olive  oil  to  a  strong  cold, 
and  subjecting  the  solid  mass  to  a  strong  pressure  to  remove  liquid 
triolein.  Tripalmitin  crystallizes  from  alcohol  in  pearly  scales,  melt- 
ing at  61°. 

Tristearin  occurs  in  almost  all  solid  fats,  and  may  be  extracted 
from  beef  or  mutton  suet  by  means  of  ether.  After  being  purified  by 
repeated  crystallizations,  it  is  obtained  in  pearly  crystals  melting  at 
66°*5  and  solidifying  to  an  amorphous  mass. 

Lecithine  C^gHg^NPOg. — This  complicated  derivative  of  glycerin- 
phosphoric  acid  is  found  w^idely  distributed  in  the  animal  organism, 
occurring  in  the  brain,  in  the  nerves,  in  the  yolk  of  eggs,  in  the  blood- 
corpuscles,  &c.  It  is  most  conveniently  prepared  by  exhausting  the 
yolk  of  eggs  with  a  mixture  of  alcohol  and  ether.  The  solution  is 
gently  heated  until  all  the  ether  has  volatilized,  and  alcohol  added  to 
the  residue,  by  which  fats  are  precipitated.  The  solution  is  filtered 
and  platinum  tetrachloride  is  added ;  a  yellow  precipitate  having  the 
composition  2(0^2^88^^08^^)  +  ^^^\  is  formed,  which  is  decom- 
posed by  hydrogen  sulphide.  The  lecithine  hydrochloride  thus 
obtained  is  dissolved  in  a  mixture  of  alcohol  and  ether,  and  the  solu- 
tion shaken  with  silver  oxide,  and,  after  filtration,  again  treated  with 
hydrogen  sulphide  in  order  to  precipitate  silver  w^hich  has  gone  in 
solution. 

Pure  lecithine  is  a  wax-like,  indistinctly  crystalline  mass,  soluble 
in  alcohol  and  ether ;  in  watei*  it  softens  and  becomes  gelatinous,  but 
does  not  dissolve.     It  combines  not  onlv  with  noid<,  but  also  forms 
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metallic  compounds,  and  very  readily  undergoes  decomposition  by 
boiling  its  alcoholic  solution  alone,  or  quicker  in  presence  of  alkalis 
or  acids,  the  products  being  cJioline,  glycerin-phosphoric  acid,  and 
fatty  acids  (palmitic  acid  and  oleic  acid  CjgHg^Og). 

This  decomposition,  together  with  the  chemical  character  of  leci- 
thine,  explain  its  constitution  : — 


'S"5 


O  PO  i  ^^ 


Lecithine  is  glycerin-phosphoric  acid  in  which  two  atoms  of 
hydrogen  in  the  liydroxyl-groups  of  glycerin  are  replaced  by  the 
radicals  of  oleic  and  palmitic  acids,  whilst  cholin,  a  compound  being 
at  the  same  time  an  ammonium-base  and  an  alcohol,  forms  wuth 
glycerin-phosphoric  acid  an  acid  compound  ether.  Lecithine  is 
therefore  at  the  same  time  a  fat,  a  base,  and  an  acid. 

It  appears  very  probable  that  several  lecithines  exist,  containing 
radicals  of  different  fattv  acids. 


GLYCERIC  ACID   CgHgO^. 

To  prepare  this  acid,  glycerine  is  diluted  with  an  equal  volume  of 
water  and  poured  on  the  top  of  strong  nitric  acid  contained  in  a  high 
cylinder.  The  mixture,  after  standing  for  several  days,  is  evaporated 
on  a  water-bath,  and  the  syrupy  residue  dissolved  in  water  and 
neutralized  with  lead  oxide.  The  lead  glycerate  is  purified  by  re- 
crystallization,  and  an  aqueous  solution  of  the  pure  salt  decomposed 
by  hydrogen  sulphide. 

On  evaporating  the  filtrate  on  a  water-bath,  glyceric  acid  remains 
behind  as  a  thick,  syrupy,  and  very  sour  liquid. 

On  heating  it  is  resolved  into  water  and  pyruvic  acid  (see  page  230) ; 
when  it  is  fused  with  caustic  potash  it  is  resolved  into  acetic  acid  and 
formic  acid. 

By  the  action  of  phosphorus  iodide  and  water  it  is  reduced  to  /8 
iodopropionic  acid. 

fi  Iodopropionic  Acid  CjHglOg  forms  white  pearly  crystals  melting 
at  82**.  When  its  aqueous  solution  is  heated  with  silver  oxide, 
hydracrylic  acid  C3H5(OH)02  is  formed,  a  compound  which  is  isomeric 
with  the  lactic  acids,  and  forms  like  them  a  sour,  syrupy  liquid,  but 
differs  from  them  by  not  yielding  lactide  on  heating,  but  by  being 
resolved  into  acrylic  CjH^Og  and  water. 

Phosphorus  pentachloride  converts  glyceric  acid  into  /8  chJoropro- 
pionyl  chloride,  which  is  readilv  acted  upon  bv  w^tet,\iR\\i^^Q.\!LN'esXftft^ 

^  "1 
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into  fi  chioroprapionic  acid,  which  forms  fibrous  crystals  smelling  like 
creosote  and  melting  at  GS"*. 

Amidoglycerie  Acid  or  Serine  [C^fi^SH^, — This  compound  has 
been  obtained  by  boiling  sericin  or  silK-gelatin  (see  Silk)  with  dilate 
sulphuric  acid«  It  crystallizes  from  a  hot  solution  in  hard  brittle 
crystals,  and  forms  metallic  salts,  but  combines  also  with  acids.  By 
the  action  of  nitrous  acid  it  is  converted  into  glyceric  acid. 

The  constitution  of  glyceric  acid  and  its  derivatives  is  generally 
represented  by  the  following  formulae : — 


Glyceric  Acid.  /3  lodopropionic  Acid.  Hydrmciylic  Acid. 

CHj.OH  CHjI  CHi-OH 

CH.OH  CH, 


CH. 
CO.OH  CO.OH  CO.OH 

If  hydracrylic  acid  had  this  constitution  it  would  be  identical  with 
ethene-lactic  acid,  which  on  oxidation  is  converted  into  malonic  acid. 
But  hydracrylic  acid  does  not  yield  a  trace  of  this  compound,  but  is 
resolved  into  carbon  dioxide,  glycollic  acid,  and  oxalic  acid,  and  no 
acetic  acid  is  formed,  showing  that  hydracrylic  acid  does  not  contain 
the  group  methyl,  and  therefore  its  constitution  is  ako  quite  different 
from  that  of  common  lactic  acid. 

When  an  alcohol  is  oxidized,  the  oxygen  entering  the  molecule 
is  attracted  by  that  carbon  atom  which  is  already  combined  with 
oxygen.  Now  in  glycerin  each  of  the  three  carbon  atoms  is  com- 
bined with  oxygen,  and  consequently  the  oxygen  which  replaces 
the  hydrogen  will  be  attracted  as  much  by  the  second  carbon  atom 
as  by  the  first  From  this  it  appears  very  probable  that  the  above 
compounds  have  the  following  constitution  : — 

Glyceric  Acid.  /3  lodopropionic  Acid.  Hydracrylic  Acid. 

CH2.OH  CHJ  CHyOH 


C.OH  CH  CH 

o<|  0(1  0(\ 

^CH.OH  ^CH.OH  T.H.OH 

Compounds  having  such  a  constitution  would  be  acids,  for  organic 
hydroxides  are  converted  into  acids,  not  only  by  the  transformation 
of  methoxyl  CH-.OH  into  carhoocyl  CO.OH,  but  always  when  negative 
elements  or  racUcals  (0,  CI,  NOg)  accumulate  near  an  alcoholic  hy- 
droxyl. 
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ALLYL-COMPOUNDS. 

These  compounds  contain  the  radical  cUlyl  CjH^,  which  differs  from 
propenyl  by  being  a  monad  radical,  two  of  the  carbon  atoms  being 
linked  together  by  two  of  the  combining  units  of  each.  The  name 
of  this  radical  is  derived  from  the  fact  that  some  of  its  compounds 
occur  in  Allium-species  (garlic,  &c.).  The  allyl-compoimds  combine 
with  hydrogen,  chlorine,  &c.,  yielding  thus  either  propyl-  or  propenyl 
compounds. 

Allyl  Alcohol  C8H5.OH. — When  a  mixture  of  glycerin  and 
crystallized  oxalic  acid  is  heated,  carbon  dioxide  is  evolved,  and  at 
about  lOO"*  dilute  formic  acid  begins  to  distil  over ;  by  raising  the 
temperature  the  evolution  of  carbon  dioxide  ceases,  but  begins  again 
at  190°,  and  a  mixture  of  allyl  alcohol  and  other  products  distils. 
Monoformin  is  formed,  which  at  a  lower  temperature  is  acted  upon  by 
water,  yielding  formic  acid  and  glycerine,  whilst  at  a  higher  tempe- 
rature it  i^  resolved  into  allyl  alcohol,  carbon  dioxide,  and  water : — 

OH 

OH        =r  CoHj.OH  +  CO.  +  HS> 
COH 

To  obtain  pure  allyl  alcohol  the  product  is  treated  with  caustic 
potash,  distilled  again,  and  rectified  over  anhydrous  baryta.  It  is  a 
limpid  liquid,  boiling  at  9T,  and  possessing  a  characteristic  pungent 
smell  (like  most  allyl-compounds). 

When  allyl  alcohol  is  oxidized  with  dilute  chromic  acids,  it  yields 
formic  acid,  but  no  acetic  acid,  showing  that  it  does  not  contain  the 
group  CHg,  but  has  the  constitution  CH^-.=CH — CH^-OH. 

Allyl  alcohol  does  not  combine  readily  with  hydrogen;  it  is  not 
changed  by  acting  with  sodium  amalgam  or  zinc  and  hydrochloric 
acid  on  its  aqueous  solution.  But  when  it  is  heated  with  an  equal 
weight  of  caustic  potash  in  a  flask  connected  with  a  reversed  con- 
denser, an  evolution  of  hydrogen  commences  at  lOS**,  and  goes  on  up  to 
155^  On  distilling  the  solid  mass  thus  obtained  with  water,  a  mixture 
of  ethyl  alcohol  and  propyl  alcohol  (about  20  per  cent,  of  the  allyl 
alcohol  employed)  is  obtained,  and  the  residue  contains  potassium 
formate,  and  salts  of  other  acids. 

Allyl  alcohol  readily  combines  with  chlorine,  forming  dichloropropyl 
alcohol,  a  liquid  boiling  at  182**,  which  is  isomeric  with  dichlor- 
hydrin  :— 

Dichlorhydrin.  Dichloropropyl  Alcohol. 

CHjCl  CHjCl 

)H.OH  CHCl 

I 
!Hj.a  CH^OH 
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Dibromopropyl  Alcohol  OgHgErg-OH  boils  at  219** ;  by  the  action  of 
nascent  hydrogen  it  yields  propyl  alcohol,  and  on  heating  it  with 
caustic  potash,  glycerin  is  produced. 

Monohromallyl  Alcohol  CjH^Br.OH. — When  propenyl  tribromide 
is  distilled  with  caustic  potash,  it  is  acted  upon  analogous  to  propeuyl 
trichloride  (page  256),  dihromoglycide  CHjBr — CBr=CH2  being 
formed.  By  heating  this  body  with  an  alcoholic  solution  of  potassium 
acetate  it  is  converted  into  monohromallyl  acetate,  a  liquid  having  a 
refreshing  smell  and  boiling  at  164°.  This  ether  is  decomposed  by 
caustic  alkalis,  monobroniallyl  alcohol  HO.CHg — CBr=CH2  being 
produced,  a  mobile  limpid  liquid  boiling  at  155**,  and  possessing  a 
pleasant  refreshing  odour.  Phosphorus  pentachloride  converts  it  into 
monobro7)iallyl  chloride  CjH^BrCI,  a  colourless  heavy  liquid  boiling 
at  120". 

Allyl  Chloride  C3H5CI  is  a  limpid  liquid,  boiling  at  45°,  which  has 
been  prepared  by  heating  allyl  iodide  with  mercuric  chloride  and 
spirits  of  wine.     It  combines  with  chlorine  to  propenyl  trichloride. 

Allyl  Bromide  Cj^gllgBr  is  obtiiined  by  the  action  of  phosphorus 
bromide  on  allyl  alcohol ;  it  boils  at  70°,  and  combines  with  bromine 
to  propenyl  tribromide. 

A  llyl  Iodide  C3H5I  may  be  produced  by  acting  with  iodine  and 
l)hosphorus  upon  allyl  alcohol ;  but  is  more  conveniently  prepared 
from  glycerin.  Six  parts  of  iodine  are  placed  into  a  retort,  ten  parts 
of  anhydrous  glycerin  poured  on  it,  and  three  parts  of  phosphorus 
are  added.  A  violent  reaction  soon  sets  in,  the  mixture  taking  fire, 
and  allyl  iodide  distils ;  towards  the  end  heat  must  be  applied  to  drive 
the  whole  of  the  iodide  over  : — 


C3H,(0H),  +  P  +  I  =  C.H.I  +  PO,H 


3 


On  passing  hydriodic  acid  gas  into  allyl  iodide,  the  liquid  b6comes 
hot,  free  iodine  separates  out,  and  isopropyl  iodide  is  formed.  In  the 
preparation  of  the  latter  compound  from  glycerin  and  hydriodic 
acid,  first  allyl  iodide  is  formed,  which  by  an  excess  of  hydriodic  fiwjid 
is  further  acted  upon.  If  this  acid  be  not  present  in  excess,  the 
product  consists  of  a  mixture  of  allyl  iodide  and  isopropyl  iodide  : — 

(1)  C3H,(OH)3  +  3HI  =  C,H,I  +  3H,0  +  I, 

(2)  C3H,I  +  2HI  =C,H,I  +  I, 

By  the  action  of  chlorine  upon  allyl  iodide,  propenyl  trichloride  is 
produced,  whilst  bromine  converts  it  into  jyropcnyl  fHbromide, 

When  an  alcoholic  solution  of  allyl  iodide  is  shaken  with  mercury, 
mercury-allyl  iodide  CjHgHgl  is  formed,  which  crystallizes  from  an 
alcoholic  solution  in  shining  scales.  On  heating  with  iodine  it  is  again 
converted  into  allyl  iodide,  whilst  when  heated  by  itself  it  yields 
mercurous  iodide  and  diallyl  CgHj^  a  hydrocarbon  which  is  also 
formed  by  the  action  of  sodium  u))on  allyl  iodide. 
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Allyl  iodide  is  used  for  the  preparation  of  pur6  propene.  To 
prepare  it,  either  niercury-allyl  iodide  is  treated  with  hydrochloric 
acid,  or  allyl  iodide  is  acted  upon  by  zinc  and  hydrochloric  acid. 

Diallyl  Ether  or  Allyl  Oxide  ^^^  \  O.— Small  quantities  of  this 

compound  occur  in  the  essential  oil  of  garlic.  It  is  easily  produced 
by  dissolving  sodium  in  allyl  alcohol,  and  acting  upon  the  sodium 
allylate  with  allyl  iodide,  or  by  heating  the  latter  compound  with 
silver  oxide.  Diallyl  ether  is  a  limpid,  mobile  liquid,  boiling  at  82^ 
and  possessing  a  pungent  smell. 

C  IT  1 

Mhyl-allf/l  Ether  ^^^.^  J-  0  is  formed  by  heating  sodium  ethylate 

with  allyl  iodide ;  it  boils  at  62°,  and  easily  combines  with  a  molecule 
of  chlorine  and  bromine.  The  dichloride  thus  obtained  is  the  ethyl- 
ether  of  diclilorhydrin.  On  distilling  it  over  caustic  soda  it  loses  one 
molecule  of  hydrochloric  acid,  and  yields  ethyl-monochlorallyl  ether 

C11G\  f  ^'  ^  ^^^^^^  boiling  at  120°.     The  dibrorahydrin-ethyl  ether 

3       4         J 

is  acted  upon  by  alkalis  in  a  similar  way,  being  converted  into  ethyl- 
monohromallyl  cMtr  ^2^5^^  1 0,  a  limpid  liquid,  possessing  a  pleasant  ' 

odour  and  boiling  at  135°. 

C  FT  1 

Allyl  Hydrosulphide  or  Allyl  Mercaptan     ^    a  I  S  is  a  liquid  boiling 

at  90°,  smelling  like  ethyl  mercaptan,  and  forming,  like  the  latter, 
metallic  compounds.  It  is  produced  by  the  action  of  allyl  iodide 
upon  potassium  hydrosulphide. 

CHI 

Allyl  Sidphide  p^xj^  ?-  S  is  the  principal  constituent  of  the  volatile 

oil  of  garlic,  and  has  been  produced  artificially  by  distilling  allyl 
iodide  with  an  alcoholic  solution  of  potassium  sulphide.  It  is  a  colour- 
less liquid  of  high  refractive  power,  boiling  at  140°  and  possessing 
the  peculiar  odour  of  garlic  in  the  highest  degree.  On  mixing  it  with 
an  alcoholic  solution  of  silver  nitrate,  a  crystalline  precipitate 
(€3115)28  +  2AgN03  is  formed,  which  is  decomposed  by  aqueous 
ammonia,  the  products  being  ammonium  nitrate,  silver  sulphide,  and 
allyl  oxide. 

Allyl  sulphide  occurs  also  in  other  Allium  species,  and  probably  in 
the  volatile  oil  of  asa foetid  a. 

Allyl  Cyanides. — When  silver  cyanide  is  acted  upon  by  allyl 
iodide,  allyl  carbamine  CN.C3H5  is  formed,  a  liquid  possessing  a  most 
overwhelming  nauseous  odour.  It  is  isomeric  with  crotonitrile 
NC.C3H5,  a  liquid  occurring  in  small  quantity  in  the  essential  oil  of 
mustard.  This  nitrile  is  also  produced  by  heating  potassium  cyanide 
with  allyl  iodide.  It  is  a  limpid  liquid,  possessing  the  odour  of  leek, 
and  boiling  at  118^ 

C  H  ) 

Allyl  Sulphocarbimide  or  Oil  of  Mustard    ^^^  |-N. — The  seeds  of 
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black  mustard  contain  a  peculiar  compound  called  myrmdc  add  (see 
Glucosides),  which  in  contact  with  water  and  a  ferment  contained  in 
the  seeds  is  resolved  into  acid  potassium  sulphate,  sugar,  and  oil  of 
mustard.  To  prepare  mustard-oil,  the  seeds  are  crushed  and  pressed 
to  remove  the  fatty  oil,  and  the  residue  is  mixed  with  water  and 
distilled.  It  can  also  be  obtained  by  heating  allyl  iodide  with 
potassium  sulphocyanate.  In  this  reaction  allyl  sulphocyanate  (a 
compound  not  yet  known)  is  probably  first  formed,  but  undergoes  a 
molecular  change  at  the  high  temperature  at  which  the  reaction  takes 
place.  Oil  of  mustard  is  a  transparent,  strongly  refractive  liquid, 
boiling  at  148^  and  possessing  in  the  highest  degree  the  sharp 
pungent  odour  of  mustard.  It  rapidly  blisters  the  skin,  and  its 
vapour  excites  tears,  and  produces  even  in  a  small  quantity  inflamma- 
tion of  the  eyes.  On  repeated  distillation  with  water  it  i^esolves  into 
sulphur  and  crotonitrile.  Nascent  hydrogen  converts  it  into  allyl- 
amine  and  vietasulphofonnaldehydc  (023^28)3: — 

N I  ^f"  +  211,0  =  N  {  ^^^  +  C,H,S 

P  H  CI  ) 
Monochlorallyl    Sulphocarbimide      *    i^«  >  N  is  obtained   by   the 

action  of  potassium  sulphocyanate  upon  dichlaroglycide  (monochlorallyl 
chloride,  see  page  256).  It  is  a  liquid  boiling  at  185°,  and  possessing 
a  very  shai'p  penetrating  smell. 

Amines  of  Allyl, — These  bases  are  formed  by  heating  allyl  iodide 
with  ammonia;  the  principal  product  of  the  reaction  consisting  of 
tetrallylammonium  iodide  N(C3H5)^I,  a  crystalline  salt  which  when 
treated  in  aqueous  solution  with  silver  oxide  is  converted  into  the 
corresponding  hydroxide,  a  strongly  alkaline  and  caustic  body. 

Allylamine  C3H5.NH2  is  conveniently  prepared  by  the  action  of 
zinc  and  hydrochloric  acid  upon  an  alcoholic  solution  of  oil  of  mustard, 
and  subsequent  distillation  with  caustic  potash.  It  is  a  limpid  liquid 
possessing  an  ammoniacal  smell  and  boiling  at  58^ 

CgH.cn 

Dimonochlorallylaminc   CgH^Cl  >X  is   formed   by   the  action   of 

ammonia  upon  a  solution  of  trichlorhydrin  in  alcohol.  It  is  a  heavy 
oily  liquid,  boiling  at  190°,  possessing  an  ammoniacal  smell,  and 
combining  with  acids  forming  deliquescent  salts. 

ThiosinTiamiiic  or  Allyl  Snlphocarhamide  OS  <  ^\j\^  tt    is  formed 

by  the  direct  combination  of  ammonia  and  oil  of  mustard.  It  cr}'s- 
tnllizes  in  brilliant  colourless  prisms,  soluble  in  water,  and  possessincy 
a  bitter  taste.  With  acids  it  forms  salts,  which  have  an  acid  reaction 
and  are  decomposed  by  water.  On  heating  with  water  and  lead  oxide 
it  is  decomposed  with  the  production  of  lead  sulphide  and  sinnamine 
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or  allyl  cyanamide  N-l  CN,     a  powerful  base,  which  is  soluble  in 

water  and  possesses  a  very  bitter  taste. 

(  NH  C  IT 

Diallyl    Carbamide    or    Sinapoline   CO  <  tjtj'p^tt^   is    produced, 

V.  *     8      6 

together  with  carbon  dioxide  and  lead  sulphide,  by  heating  oil  of 
mustard  with  water  and  lead  oxide  : — 

N  j  ^3^5  4.  2PbO  +  H2O  =  CO  {  ^H  c'h'  +  ^'^^2  +  CO2 

V.  V  '     8      6 

It  is  soluble  in  water  and  crystallizes  in  shining  scales,  having  an 
alkaline  reaction. 


ACIDS  OP  THE  SERIES  CnHsn-sOo. 

Allyl  alcohol  is  a  priniaiy  alcohol ;  on  oxidation  it  yields  acralde- 
hyd^  CjjH^O  and  acrylic  acid  CjH^O,.  Acrylic  acid  is  the  first 
member  of  a  homologous  series  of  acids,  of  which  the  corresponding 
alcohols  are  not  known.  The  following  table  contains  the  acids  of 
this  group  which  are  best  studied  :  — 

Acrylic  Acid    .     .  CgH^  Og  Cimicic  Acid  .  C^fi^ifii 

Crotonic     „     .     .  C^Hg  Og  Hypogaeic  „  .  Cj^Hg^Oj 

Angelic       „     .     .  C^IIg  0^  Oleic  „  .  C^gHg^Og 

Pyroterebic  Acid .  CgHj^^Og  Erucic         „  .  Ci^^ufi^ 

Some  of  these  acids  exist  as  glycerides  in  fats,  and  others  have 
been  prepared  artificially  by  different  reactions.  A  series  of  acids 
which  are  isomeric  with  those  contained  in  the  table  have  been 
obtained  from  oxalic  acid.  By  acting  on  ethyl  oxalate  with  the  zinc 
compounds  of  alcohol  radicals  we  obtain  ethyl-ethers  of  the  so-called 
isolactic  acids,  and  by  treating  the  latter  with  phosphorus  trichloride 
thev  lose  water  and  are  converted  into  ethers  of  the  acids  of  the  iso- 
acTJflic  scries. 

Tims  the  ethyl-ether  of  oxy-isobutyric  or  diniethyloxalic  acid 
yields  the  ethyl-ether  of  methacrylic  acid,  which  is  isomeric  with 
crotonic  acid: — 

CHo  CEL  CHo  CHo 

\>  \>  - 

8  c.oii        +  rci,.  =  8    c  +  rOgHj  +  shci 


CO.OCjHj  CO.OCjH, 


A  very  characteristic  reaction  of  the  acids  of  this  group  is  that 
when  they  are  fused  with  caustic  potash  they  are  resolved  into  two 
fatty  acids.     This  decomposition  gives  the  clue  to  their  constitution, 
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as  always  those  two  carbon  atoms  are  torn  asunder  which  are  linked 
together  by  two  of  the  combining  units  of  each. 

Acrylcddehyde  or  Acrolein  CgH^O  is  easily  obtained  by  depriving 
glycerin  of  the  elements  of  water  : — 

CjHgOg  -  2H2O  =  C^H^O 

This  is  best  effected  by  heating  pjlycerin  with  acid  potassium  sul- 
phate or  phosphorus  pentoxide.  It  is  a  colourles3  liquid  boiling  at 
62°'4.  Its  vapour  is  most  irritating,  attacking  most  violently  the 
mucous  membmnes  of  the  nose  and  eyes.  It  is  the  cause  of  the 
intolerable  odour  given  off  by  fats  and  glycerin  when  subjected  to 
destructive  distillation.  It  is  a  very  unstable  body ;  in  closed  vessels 
it  soon  changes  into  a  white  flocculent  substance  or  a  resinous  mass, 
called  disacryl  or  disacryl-resin.  When  acrolein  is  heated  with  alco- 
hol and  acetic  acid,  it  is  converted  into  triethylhydrin : — 

CHg  CH.2.OC2H5 


C      +  3aH,.0H  =  CH.OC0H,  +  H,0 
CHg  CHg-OCgHg 

When  ammonia  is  passed  into  an  ethereal  solution  of  acrolein  a 
white  amorphous  powder  called  acrolein-ammoiiia  (C3H^0)gNH3  is 
precipitated. 

It  also  combines  with  hydrochloric  acid,  forming  a  crystalline 
compound  CgH^O.HCl,  which  on  distillation  with  an  alkali  is  con- 
verted into  a  polymeride  of  acrolein  called  mctacrolein,  forming 
beautiful  crystals,  which  by  the  action  of  heat  or  acids  are  recon- 
verted into  acrolein. 

Acrolein  hydrochloride  yields,  by  the  action  of  hydrochloric  acid, 
trichlorhydrin  and  water.  When  acrolein  is  treated  with  phospho- 
rus pentachloride  two  isomerides  are  formed,  one  being  dichloroglycide 
and  the  second  has  been  called  acrol  dicMoride  CjH^Clg.  Nascent 
hydrogen  converts  acrolein  into  allyl  alcohol. 

Acrylic  Acid  CgH^Og  is  produced  by  adding  silver  oxide  to  an 
aqueous  solution  of  acrolein  and  allowing  the  mixture  to  stand  for  a 
few  days : — 

2C3lI,0  +  SAggO  =  2C3H3Ag02  +  H^O  +  4Ag 

The  acid  is  not  formed  by  the  direct  oxidation  of  the  alcohol,  the 
latter  being  nearly  completely  destroyed  ;  but  it  has  been  produced 
by  combining  allyl  alcohol  with  bromine,  oxidizing  the  bibroraopro- 
pyl  alcohol  with  nitric  acid,  and  heating  the  bibromopropionic  acid 
with  zinc  dust  and  water  : — 

CjH^BrgOj  +  Zn  =  C^llfi^  +  ZnBr^ 
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Acrylic  acid  is  conveniently  prepared  by  heating  fi  iodopropionic 
ajcid  with  sodium  ethylate : — 

C3H  JO2  +  2C2H,.ONa  =  CgHgNaOg  +  2C2H5.OH  +  Nal . 

Or  more  simply  still  by  distilling  13  iodopropionic  acid  with  lead 
oxide : — 

2C3H5IO2  +  PbO  =  2C3H^Oj  +  Pblj  +  HgO 

Acrj'lic  acid  is  also  formed  by  the  dry  distillation  of  hydracrylic 
acid.  These  reactions  show  that  acrylic  acid  as  well  as  its  aldehyde 
must  have  a  constitution  analogous  to  that  of  hydracrylic  acid  and 
fi  iodopropionic  acid  : — 

Acrolein.  Acrylic  Acid. 


c  c 

0<l  0<| 

This  formula  of  acrolein  appears  the  more  probable  as  it  does  not 
combine  with  the  acid  sulphites  of  the  alkali-metals  like  other 
aldehydes,  from  which  it  also  differs  by  being  acted  upon  by  ammonia 
in  quite' a  different  way  than  the  aldehydes  of  the  fatty  acids. 

Acrylic  acid  is  a  limpid  liquid,  possessing  a  sour,  pungent  smell 
and  boiling  at  142°.  Its  most  characteristic  salt  is  lead  acfi'ylate 
{C^fi^Vh,  crystallizing  from  hot  water  in  long  silky  needles. 

Ethyl    Acrylate  r;  x|  q  f  0  ^  produced  by  the  action  of  zinc,  and 

dilute  sulphuric  acid  on  ethyl  dibromopropionate.  It  is  a  limpid 
liquid,  boiling  at  100°,  and  possessing  a  very  penetrating  but  not 
disagreeable  odour. 

Crotonic  Acid     *    tj  r  0. — The  oil  of  Croton  Tiglium  consists  of 

glycerides  of  several  solid  and  liquid  fatty  acids,  and  acids  of  the 
acrylic  series.  The  crotonic  acid  contained  in  it  is  an  oily  liquid, 
which  has  not  been  much  studied. 

Another  solid  crotonic  acid  which  has  been  obtained  by  synthesis 
is  much  better  known.  Its  aldehyde  is  formed  when  acetaldehyde  is 
heated  with  an  aqueous  solution  of  zinc  chloride  : — 

CH(H«)     CH(0)      CH=CH 

I  4  1  =1  I        +H,0 

COH        CH3  COH  CH3 

Crotonaldehyde  is  a  limpid  liquid  having  a  sharp  pungent  smell  and 
boiling  at  104^  When  exposed  to  the  air,  it  is  soon  oxidized  to 
crotonic  acid. 
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The  same  acid  is  produced  by  the  action  of  alkalis  upon  crotonitrile 
(see  Allyl  Cyanide),  and  by  the  dry  distillation  of  /3  oxybutyric  acid  : — 

CH3  CHg 


+  H,0 


CH.OH  CH 

A  =     II 

CH»  CH 

I  I 

CO.OH  CO.OH 

• 

Crotonic  acid  forms  large  transparent  crystals  or  woolly  needles, 
melting  at  72"*,  and  boiling  at  182^  When  it  is  fused  with  caustic 
potash,  it  is  resolved  into  two  molecules  of  acetic  acid.  This  decom- 
position, as  well  as  the  synthetical  formation  of  this  acid  from 
acetaldehyde,  shows  that  the  two  middle  atoms  of  the  carbon-chain 
are  linked  together  by  two  of  their  combining  units,  whilst  from  its 
formation  from  allyl-compounds  it  might  have  been  expected  that  it 
had  the  constitution  CH2=CH — CHg — CO.OH.  Such  a  compound 
would,  however,  like  the  allyl-compounds,  yield  on  oxidation  no 
acetic  acid,  which  is  obtained  in  quantity  on  oxidizing  crotonic  acid 
as  well  as  its  nitrile.  From  this  it  appears  that  the  latter  compound 
is  formed  in  the  following  way  : — 

CH2=CH— CH2I  +  KCN  =  CH3— CH=CH— CN  +  KI 

This  reaction  corresponds  to  the  formation  of  ethyl-vinyl  (see 
page  216). 

Crotonic  acid  combines  wdth  nascent  hydrogen,  forming  butyric  acid, 
and  it  also  unites  with  bromine,  yielding  an  isomeride  of  the  dibromo- 
butjnric  acid,  which  is  formed  by  substitution  in  butyric  acid.  When 
the  brominated  acid  is  boiled  with  an  alkali,  it  is  converted  into 
monobromocrotonic  acid. 

Trichlorocrotonaldehyd^e  or  Crotonchloral  C^H3Cl30. — By  acting  with 
chlorine  on  acetaldehyde,  first  crotonaldehyde  is  formed,  which  by  the 
further  action  of  chlorine  is  converted  into  crotonchloral.  It  is  a 
colourless  oily  liquid,  boiling  at  164°,  and  having  a  pungent  smell. 
It  readily  combines  with  water,  forming  ci'otonchloral  hydrate 
0^113013(011)2,  which  crystallizes  from  hot  water  in  silky  thin  plates 
melting  at  78  ;  its  vapour  is  very  irritating,  and  attacks  the  eyes  and 
mucous  membranes. 

Trichlorocrotoiiic  Acid  C^H3Cl302  is  obtained  by  oxidizing  croton- 
chloral with  concentrated  nitric  acid :  it  crystallizes  in  needles, 
melting  at  44°,  and  boiling  at  235°.  By  treating  it  with  zinc  and 
hydrochloric  acid  it  is  reduced  to  monochlorocrotonic  acid  C4H5CIO-, 
crystallizhi"^  from  hot  water  in  long  white  needles  melting  at  100, 
boiling  at  212°,  and  possessing  an  aromatic  smell.  When  sodium 
amalgam  is  added  to  a  concentrated  solution  of  its  sodium  salt,  the 
chlorine  is  replaced  by  hyjlrogen  and  crotonic  acid  is  formed. 
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Another  monoclilorocrotonic  acid,  melting  at  94°,  and  boiling  at 
about  208°,  is  formed,  together  with  the  isomeric  monochloroq^uartenic 
acid,  by  acting  with  phosphorus  pentachloride  on  ethyl  acetone- 
carbonate  (so  called  diethylacetic  acid);  etliyl  chloride  and  hydro- 
chloric acid  are  given  off,  and  the  residue  contains  besides  phosphorus 
oxychloride,  the  chlorides  of  the  two  acids.  On  distilling  it  with 
water,  monochloroquartenic  acid,  being  the  most  volatile,  distils  first; 
it  is  an  oily  liquid,  which  with  sodium  amalgam  and  water  yields 
qtcartenic  acid  C^H^Og,  an  oily  liquid  smelling  like  butyric  acid,  and 
boiling  at  172°.  On  fusing  it  with  potash  it  yields,  like  crotonic  acid, 
only  acetic  acid. 

Tetrolic  Acid  C^H^Og  is  produced  by  digesting  the  second  mono- 
chlorocrotonic  acid  with  potash  : — 

C.H^ClOg  =  HCl  +  C.H.Og 

It  crystallizes  in  deliquescent,  colourless,  transparent,  rhombic 
plates,  melting  at  76°'5,  and  boiling  at  203°.  The  first  modification 
of  monochlorocrotonic  acid  is  not  acted  upon  by  potash. 

Meihacrylic  Acid  C^HgOg. — The  ethyl-ether  of  this  third  isomeric 
acid  is  obtained  by  treating  ethyl  oxy-isobutyrate  with  phosphorus 
trichloride.  The  acid  is  an  oily  liquid  which  by  fusion  with  caustic 
potash  is  resolved  into  carbon  dioxide  and  propionic  acid  : — 

CHo  CH« 

I  I 

C=CH2  +  3K0H  =  CHg    +  KgCOj  -h  2H2 

CO.OH  CO.OK 

Angelic  Acid  CgHgOj  is  found,  together  with  acetic  acid  and 
valerianic  acid,  in  the  root  of  Angelica  Archangelica  and  other 
umbelliferae.  The  root  is  boiled  with  milk  of  lime,  and  the  con- 
centrated filtrate  distilled  with  sulphuric  acid.  The  distillate  after 
being  neutralized  with  soda-crystals  is  evaporated,  and  the  concentrated 
liquid  again  distilled  with  sulphuric  acid.  On  allowing  the  filtrate  to 
stand  for  some  time,  angelic  acid  separates  out  in  large  crystals. 

After  the  acid  has  been  purified  by  crj'stallization  it  melts  at  45°, 
and  boils  at  191°;  it  possesses  a  peculiar,  aromatic  odour. 

By  fusion  with  caustic  potash  it  is  resolved  into  acetic  acid  and 
propionic  acid ;  and  by  heating  with  hydriodic  acid  and  phosphorus 
to  200°,  it  is  converted  into  valerianic  acid. 

Arigelicaldehyde  CgHgO  is  contained,  together  with  a  hydrocarbon 
C^qH^^,  in  the  oil  of  chamomile  {Anthemis  nobilis).  It  has  not  yet 
been  obtained  in  a  pure  state,  as  the  hydrocarbon  cannot  be  separated 
by  distillation^  and  the  aldehyde  does  not  form  crystalline  compounds 
with  the  acid  sulphites  of  the  alkali-metals.  When  the  oil  is  heated 
with  caustic  potash  the  hydrocarbon  volatilizes,  and  potassium  ange- 
late  is  formed : — 


C.HgO  4-  KOH  =  C.H.KO,  +  H, 
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Me(hylc7'otonic  Acid. — This  isonieride  of  angelic  acid  is  produced  by 
the  action  of  phosphorus  trichloride  upon  ethyl  ethomethoxalate ;  it 
crystallizes  in  needles,  melting  at  62°.  When  it  is  fused  with  caustic 
potash  it  yields  the  same  products  as  angelic  acid,  the  constitution  of 
the  two  acids  being  as  follows  : — 

Angelic  Acid.  Methylcrotonic  Acid. 

CH„  CHq  CH« 

\>  I  ' 

'^  CH 

?H  LcH, 


C^O.OH  Co.OH 

An  acid  having  the  same  composition,  called  iiglic  acid,  has  been 
found  in  croton-oil ;  it  melts  at  G4°  and  boils  at  201**.  The  action  of 
caustic  potash  on  this  body  has  not  yet  been  tried ;  it  is  probably 
identical  with  methylcrotonic  acid,  both  having  the  same  melting- 
point,  and  both  their  ethyl-ethers  boiling  at  156°. 

PyrotcTchic  Acid  CgHi^Og  has  been  obtained  by  the  distillation  of 
terebic  acid  G^W^jd^  (an  oxidation-product  of  oil  of  turpentine).  It 
is  a  liquid  boiling  at  210°,  and  smelling  like  butyric  acid.  It  is 
isomeric  with  ethylcrotonic  acid,  which  has  been  prepared  from  ethyl 
ethoxalate,  and  crystallizes  in  quadratic  prisms  melting  at  39°'5.  By 
the  action  of  caustic  potash,  both  acids  yield  acetic  acid  and  butyric 
acid. 

Cimicic  Acid  CigHggOg,  a  crystalline  solid  melting  at  44°,  and  having 
a  rancid  odour,  is  contained  in  a  kind  of  tree-bug  {JRhaphiga^ier 
punciipennis), 

Hypogceic  Add  or  Physctoleic  Acid  C^gHg^Og  occurs  as  glyceride, 
together  with  palmitic  and  arachidic  acids,  in  the  oil  of  the  earth-nut 
(Arachis  hypogcea),  and  in  the  oil  contained  in  the  cavities  of  the 
head  of  the  sperm-whale  (Physeter  macrocephalvs).  It  crystallizes  in 
colourless  needles,  melting  at  34°.  In  contact  with  the  air  it  absorbs 
oxygen,  and  assumes  a  yellow  colour  and  a  rancid  smell.  Nitric  tri- 
oxide  converts  this  acid  into  an  isomeric  (or  polymeric  modification) 
called  galdic  add,  a  crystalline  colourless  mass,  which  melts  at  38°, 
and  remains  unaltered  in  the  air. 

Both  acids  combine  with  one  molecule  of  bromine.  By  heating 
these  brominated  acids  with  alcoholic  potash-solution  to  170°  they  lose 
hydrobromic  acid  and  are  converted  into  palmitolic  acid  CigHggOj, 
crystallizing  in  silky  needles  melting  at  42°.  This  acid  readily  com- 
bines with  one  or  two  molecules  of  bromine,  but  apparently  not 
Mutli  hydrogen.  On  oxidizing  it  with  fuming  nitric  acid  a  part  is 
converted  into  palmitoxylic  add  CjgHggO^  a  monobasic  acid  crys- 
tallizing in  colourless  plates  melting  at  67°.  Another  portion  is  fur- 
ther oxidized  to  sitberic  acii  and  suberic  aldehyde  CgHj^Oj,  a  yellow 
oily  lir|niH. 
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Oleic  Acid  or  JEla'ic  Acid  CjgHg^Og  exists  as  triolein,  the  fluid  con- 
stituent of  many  fats  and  oils,  in  the  fat  of  the  pig  and  goose,  in 
olive-oil,  oil  of  almonds,  &c.  To  prepare  the  acid  the  oils  are 
saponified  with  lead  oxide,  and  the  lead  salts  exliausted  with  ether, 
which  dissolves  only  lead  oleate.  The  ethereal  solution  is  shaken 
with  hydrochloric  acid,  the  upper  layer  removed,  and  the  ether  removed 
by  distillation.  The  impure  oleic  acid  left  behind  is  dissolved  in 
ammonia,  and  barium  chloride  is  added,  which  precipitates  barium 
oleate.  After  purifying  this  salt  by  crystallization  from  alcohol,  it  is 
decomposed  in  a  closed  vessel  with  tartaric  acid,  and  the  pure  oleic 
acid  thus  obtained  is  dried  in  a  current  of  carbon  dioxide,  in  order  to 
prevent  oxidation.  Large  quantities  of  impure  oleic  acid  are  now 
obtained  as  a  by-product  in  the  manufacture  of  stearin-candles.  If 
this  crude  acid  does  not  contain  a  large  quantity  of  oxidation-products, 
it  may  be  purified  by  cooling  it  down  to  —  T*,  and  subjecting  the 
crystals  which  separate  out  to  strong  pressure.  The  residue  is  again 
melted  and  cooled  down,  and  well  pressed,  and  this  operation  repeated 
if  necessary.  Thus  a  pure  acid  is  obtained,  which  may  be  recrystal- 
lized  from  alcohol. 

Pure  oleic  acid  is  a  colourless  oil  solidifying  at  a  low  temperature  to 
crystals  melting  at  14°.  From  alcohol  it  crystallizes  in  brilliant  white 
needles.  The  perfectly  pure  acid  remains  unaltered  in  the  air,  but  in 
an  impure  state  it  rapidly  absorbs  oxygen,  assuming  a  yellow  colour 
and  rancid  smell,  and  losing  the  property  to  crystallize.  It  volatilizes 
with  overheated  steam  or  in  vaciio,  without  decomposition ;  but 
under  the  ordinary  atmospheric  pressure  it  is  decomposed  on  heating, 
yielding  fatty  acids,  such  as  acetic  acid  and  capr}dic  acid,  and  a  large 
quantity  of  sebacic  acid.  When  it  is  heated  with  caustic  potash,  it  is 
resolved  into  acetic  acid  and  palmitic  acid. 

By  passing  nitric  trioxide  into  cold  oleic  acid  it  is  converted  into 
the  isomeric  elaidic  acid,  a  solid  mass,  cr}'stallizing  from  an  alcoholic 
solution  in  shining  scales,  melting  at  45°.  It  is  stable  in  the  air,  and 
can  be  volatilized  without  decomposition.  Triolein  is  also  converted 
by  nitric  trioxide  into  solid  trielaldin.  If,  therefore,  this  gas  be 
passed  into  oil  of  olives  or  almonds,  they  solidify  to  a  crystalline 
ftass.  We  are  not  yet  able  to  explain  the  singular  action  of  nitrous 
trioxide  upon  oleic  acid  and  other  acids  of  this  series. 

Oleic  and  elaidic  acids  unite  with  one  molecule  of  bromine.  Oleic 
dihromide  is  a  heavy,  thick  yellow  oil;  by  treating  it  with  a  cold 
alcoholic  potash  solution,  monobromoleic  acid  CjgHggBrOg,  a  crystalline 
substance,  is  obtained,  which  by  the  action  of  nascent  hydrogen  is 
again  converted  into  oleic  acid. 

By  the  action  of  a  hot  alcoholic  potash -solution  on  monobromoleic 
acid  or  on  the  dibromide  all  the  bromine  is  taken  out,  and  stearolic 
acid  CjgHggOg  is  formed,  which  crystallizes  in  silky  needles  melting  at 
48°,  and  volatilizing  on  heating  without  decomposition.  It  unites 
with  one  or  two  molecules  of  bromine ;  fuming  nitric  acid  oxidizes 

if  t<»  .9-rarn.rj/h'r  arid,  a zr lair  nrid.  and  azdn'ir  aUhhjfdr. 
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Stcaroxylic  Acid  CigHjgO^  cr}'stallizes  in  shining  plates,  melting  at 
86® ;  it  is  a  monobasic  acid. 

Azelaic  Aldehyde  G^^fi^  is  a  thin,  oily  liquid  possessing  an  ethereal 
smell.  By  the  action  of  bromine  and  water,  or  nitric  acid,  it  is 
oxidized  to  azelaic  acid. 

When  stearolic  acid  is  fused  with  caustic  potash,  it  is  first  converted 
into  an  acid  having  the  composition  of  hypogceic  add  Gj^Ji^O^,  and 
by  the  further  action  of  the  potash  it  is  converted  into  myristic  add 
C^^HggOg.  These  reactions  prove  that  stearolic  acid  contains  the  group 
C=C  twice. 

JSrucic  Acid  CagH^gOg  occurs  in  colza-oil  and  the  fatty  oil  of 
mustard-seed,  and  may  be  obtained  from  these  oils  in  the  same 
way  as  oleic  acid  is  prepared  from  oil  of  almonds.  It  crystallizes 
in  long  needles,  melting  at  34°.  With  nitric  trioxide  and  bromine 
it  behaves  like  oleic  acid.  By  acting  with  caustic  potash  on  its 
dibromide,  heheiwlic  acid  CggH^^Og  is  formed,  which  is  oxidized  by 
fuming  nitric  acid  to  hehenoxylic  acid  CggH^O^,  hrassic  acid  G^^^O^ 
and  brassic  aldehyde  CiiHjoOg. 

The  following  acids  are  nearly  related  to  those  of  the  oleic- 
series : — 

Sorbic  Acid  CgHgOo  occurs  in  the  berries  of  the  mountain  ash.  On 
distilling  their  juice,  impure  sorbic  acid  passes  over  as  an  oily  liquid, 
from  which,  by  treating  it  with  alkalis  and  decomposing  the  salt  with 
acids,  the  pure  compound  is  obtained.  It  crystallizes  in  long  needles, 
melting  at  134''*5  and  distilling  at  228°,  with  partial  decomposition. 
Nascent  hydrogen  converts  it  into  hydrosorbic  add  CgHj^Oj,  a  colour- 
less liquid,  boiling  at  204°'5  and  possessing  a  sweetish  smell.  It  is 
isomeric  with  pyroterebic  acid  and  ethylcrotonic  acid,  and  is  resolved 
by  fusion  with  caustic  potash  into  butyric  acid  and  carbon  dioxide. 

Ridnoleic  Add  CigHg^Og  is  found  as  glyceride  in  castor-oil,  and  can 
be  obtained  from  it  by  the  same  process  by  which  oleic  acid  is  pre- 
pared from  oil  of  almonds.  It  is  a  colourless  oil,  solidifying  at  0°  to  a 
crystallized  mass.  Nitric  trioxide  converts  it  into  solid  ridnelaidic 
acid. 

When  this  acid  or  castor-oil  soap  is  fused  with  caustic  soda, 
hydrogen  is  evolved,  and  methyl-hexyl  carbinol  and  sebacic  acid 
are  formed : — 

C^gHj^Oj  +  2NaOH  =  CgH^O  +  CjoHieO.Na,  +  H, 

Ricinoleic  acid  has  therefore  probably  the  following  constitution : — 

HCO2.C8H1e.CO.CH  I  ^ 

Litwleic  Add. — This  acid  has  great  resemblance  to  oleic  acid,  and 
occurs  in  drying  oils,  such  as  linseed-oil,  poppy-oil,  walnut-oil,  &c.  It 
has  been  very  little  studied.    Its  formula  aj^pears  to  be  CjgHjgOj. 
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TETEAD  EADICALS  AND  THEIR  COMPOUNDS. 

HYDROCARBONS  OF  THE  ACETYLENE  SERIES. 

Boiliug-poiDt.  Boiling-point. 

Acetylene    .  .  Cg  Hg  — 

Allylene .     .  ,  C3  H^  — 

Crotonylene  ,  C^  H«  18" 

Valerylene  .  .  C5  Hg  45 

Hexoylene  .  .  C^  H^o  80       Diallyl    ,    .     .  C^  H^^        59^ 

CEnanthylidene  C^  H^g  107 

Caprylidene  .  Cg  H^^  133 

Decenylene  .  Cj^Hjg  165      Eutylene      .     .  Cj^Hjg       150 

Benylene     .  .  CjgHgg  225 

Cetenylene  .  .  C^^U^  280 

These  hydrocarbons  stand  in  a  similar  relation  to  the  non-saturated 
monad  radicals  of  the  allyl  series  as  the  olefines  to  the  saturated 
alcohol  radicals. 

A  general  method  for  preparing  these  compounds  consists  in  heating 
the  (fibromides  or  the  di-iodides  of  the  olefines  with  an  alcoholic  solu- 
tion of  potash,  the  reaction  taking  place  in  two  stages.  First  a  mono- 
brominated  olefine  is  formed — 

C^H^Brg  +  KOH  =  CgHjBr  +  H^O  +  KBr 

which  by  the  further  action  of  caustic   potash  again  loses  hydro- 
bromic  acid : — 

C^HgBr  +  KOH  =  C^Hj  +  Bfi  +  KBr 

These  hydrocarbons  readily  combine  with  one  molecule  of  the 
elements  of  the  chlorine-group  and  their  hydracids,  forming  non- 
saturated  compounds,  which  are  capable  of  combining  again  with 
these  bodies.  The  hydrocarbons  of  this  series  are  therefore  tetrad 
radicals. 

Theory  points  out  the  existence  of  a  gi*eat  number  of  isomerides, 
but,  as  the  table  shows,  only  very  few  are  known.  Those  contained  in 
the  first  column  have  been  prepared  by  abstracting  two  molecules 
of  hydrobromic  acid  from  the  dibromides  of  the  olefines,  and  this 
reaction  explains  their  constitution : — 

Ethene  Dibromide.  Acetylene. 

CHgBr  CH 

I  -  2HBr  =      III 
CHoBr  CH 

C  "  T 
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Hexene  Dibromide.  Hexoylene. 

CHBr      -  2HBr  =      C 


i 


III 


m^Br  CH 

Acetylene  or  Ethine  CjHo. — This  gas  is  the  only  hydrocarbon  which 
has  been  obtained  by  the  direct  union  of  its  elements :  it  is  produced 
wlien  an  electric  arc  from  a  powerful  galvanic  battery  passes  between 
carbon-poles  in  an  atmosphere  of  hydrogen.  Acetylene  is  always 
ibrmed  when  bodies  containing  carbon  and  hydrogen  are  burnt  in  a 
limited  supply  of  air,  and  also  in  the  decomposition  of  many  hydro- 
carbons by  the  electric  spark  or  heat,  and  it  occurs  therefore  in  coal- 
gas.  Acetylene  has  also  been  obtained  by  the  electrolysis  of  the 
potassium  salts  of  fumaric  and  maleic  acids  : — 

^^^^  {  CO*H  =  ^"«  +  2^°«  +  "2 

Pure  acetylene  is  prepared  by  heating  ethene  dibromide  with 
alcoholic  potash,  and  passing  the  vapour  through  a  hot  solution  of 
potash  in  alcohol ;  it  may  also  be  readily  obtained  by  heating  chloro- 
form with  sodium  : — 

2CHCI3  -h  3Na,  =  C2H2  +  6NaCl 

Impure  acetylene  is  produced  in  quantity  by  lighting  the  gas  in  a 
BunserCs  burner  at  the  small  orifice  in  the  lower  end  of  the  tube,  an 
incomplete  combustion  taking  place,  and  acetylene  is  formed. 

Acetylene  is  a  colourless  gas,  possessing  a  strong  disagreeable  odour ; 
the  smell  perceived  when  a  Bxtnsen^s  burner  burns  down  being  due  to 
acetylene.  It  is  readily  inflammable,  burning  with  a  smoky  flame, 
and  is  tolerably  soluble  in  water. 

Whe;i  it  is  mixed  with  chlorine  in  the  difl'use  daylight,  an  explosion 
generally  takes  place  and  carbon  separates  out,  but  sometimes  the 
two  gases  combine  quietly,  and  form  the  compounds  CgHgClj  and 
CgHgCl^,  which  are  oily,  heavy  liquids.  It  forms  also  two  liquid  com- 
pounds with  bromine,  viz.  C2H2Br2  and  CgHgBr^,  the  latter  being 
identical  with  btbromethetie  dibromide.  By  heating  acetylene  with 
iodine  to  100"*  they  combine  to  acetylene  di-iodide  CgHgIg,  forming 
colourless  crystals  melting  at  70°.  With  hydriodic  acid  it  forms  two 
liquid  compounds,  CgHgl  and  CgH^I^ ;  the  latter  being  isomeric  with 
ethene  di-iodide. 

Acetylene  forms  a  series  of  characteristic  metallic  derivatives.  When 
it  is  passed  over  fused  potassium,  hydrogen  is  given  ofi*,  and  the  bodies 
CjHK  and  C2K2  are  formed ;  both  are  black  powders,  which  are 
violently  decomposed  by  water,  with  the  re-formation  of  acetylene.  A 
similar  calcium-compound  has  been  obtained  by  heating  an  alloy  of 
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zinc  and  calcium  with   charcoal  to   whiteness;  the  resulting  black 
mass  yields,  with  water,  quicklime  and  acetylene  : — 


CjjCa  +  2H2O  =  CgHj  +  Ca(OH) 


2 


The  least  trace  of  acetylene  can  be  detected  by  passing  a  gas  con- 
taining it  through  an  ammoniacal  solution  of  cuprous  chloride,  a 

blood-red   precipitate    of   cuproso-etfienyl    oande    n^n^^  [  0    being 

formed :-  '      " 

(1)  C2H2  +  CugClg  +  NH3  =  CgHCujCl  +  NH.Cl 

(2)  2(C2lICu2Cl)  +  2NH3  +  HgO  =  (C2HCu2)20  +  2NH,(J1 

Cuproso-ethenyl  CIdoride  CgHCugCl  is  a  similar  precipitate,  which 
is  produced  by  passing  acetylene  into  a  solution  of  cuprous  chloride 
in  potassium  chloride. 

ArgerUo-ethenyl  Chloride  CgHAggCl  is  formed  by  the  action  of 
acetylene  on  an  ammoniacal  solution  of  silver  chloride ;  it  is  a  white 
precipitate ;  the  corresponding  oxide  {C^Ag^jd  is  a  similar  body, 
which  is  obtained  by  passing  the  gas  through  a  solution  of  silver 
nitrate  in  ammonia. 

These  copper-  and  silver-compounds  are  explosive,  decomposing  with 
detonation  by  percussion  ;  they  are  decomposed  by  hydrochloric  acid, 
pure  acetylene  being  evolved,  and  are  therefore  used  for  obtaining  this 
gas  in  a  state  of  great  purity.  A  very  simple  method  for  obtaining 
pure  acetylene  consists  in  placing  a  gas-burner  in  which  the  gas  is 
burning  down  under  a  funnel  which  is  connected  with  an  aspirator  by 
which  the  products  of  combustion  are  passed  through  an  ammoniacal 
silver- solution.  The  white  precipitate  is  then  decomposed  by  hydro- 
chloric acid,  and  the  resulting  silver  chloride  dissolved  in  ammonia 
and  used  for  a  new  operation : — 

C2HAg2Cl  +  HCl  =  C2H2  +  2AgCl 

Nascent  hydrogen  converts  acetylene  into  ethene ;  this  reduction  is 
effected  by  acting  with  zinc  and  ammonia  on  the  copper-compounds 
of  acetylene: — 

CjHCugCl  +  NH3  +  2H2O  +  2Zn  =  CjH^  4-  NH^Cl  +  Cug  +  2ZnO 

When  acetylene  is  shaken  with  concentrated  sulphuric  acid,  the 
gas  is  slowly  absorbed,  and  ethenybtUphuric  acid  C2H3.SO4H  is 
formed.  On  distilling  this  acid  with  water,  ethenyl  or  vinyl  alcohol 
C2H3.OH  is  obtained ;  it  is  a  very  volatile  liquid,  which  is  homologous 
with  allyl  alcohol,  but  has  scarcely  been  examined. 

MonobromacdyleTie  CjHBr. — When  a  monobromethene  dibromide 
is  heated  with  alcoholic  potash,  a  gas  is  evolved,  taking  fire  in 
contact  with  the  air,  and  consisting  of  a  mixture  of  acetylene  and 
monobromacetylene. 

T  2 
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Alli/leni-  or  rropine  CgH^  is  a  gas  resembling  acetylene  ;  it  is 
prepared  by  heating  nionobromopropene  or  propene  dibromide  with 
alcoholic  potash.  By  passing  it  through  an  ammoniacal  solution  of 
cuprous  chloride  a  greenish-yellow  precipitate  is  formed.  Silver- 
prapinijl  CoH^Ag  is  a  white  explosive  precipitate,  which  is  readily 
decomposecl  by  hydrochloric  acid  ;  it  is  formed  by  the  action  of 
propine  on  an  ammoniacal  silver-solution. 

Fropinyl  Alcohol  C3H3.OH. — This  compound,  commonly  called 
propargyl  alcohol,  is  produced  by  acting  with  caustic  potash  on  mono- 
bromallyl  alcohol : — 

CH.,  CH 

II    "  III 

(^Br         +  KOH  =  C  4-  KBr  +  H,0 


CligOH  CH5,0H 


It  is  a  limpid,  mobile  liquid,  boiling  at  115**,  possessing  an  agreeable 
odour,  and  producing  explosive  precipitates  in  an  ammoniacal  solution 
of  cuprous  chloride  and  an  aqueous  solution  of  silver  nitrate.  The 
copper  compound  Cu2(C3H2.0H)o  has  a  yellow  colour,  and  the  silver- 
compound  AgC3H2.01 1  is  wnite. 

Propinyl-ethyl  ether  ^^i  \  ^  has  been  produced  by  boiling  allylene 
dibromide  or  propenyl  tribromide  with  alcoholic  potash : — 

C,H,Brj  +  C2HS.OH  +  2K0H  =  ^'5'  }  ^  +  2KBr  +  2HjO 

2      by 

It  has  also  been  prepared  from  monobromallyl-ethyl  ether: — 
^»C*h'^ I  O  +  KOH  =  ^»^»  jo  +  KBr  +  H,0 

2      5  <^  2      5^ 

It  is  a  mobile  limpid  liquid,  boiling  at  80",  and  precipitating 
ammoniacal    silver-  and    copper-solutions.       The    silver-compound 

^  fi^xf*  1  ^  ^^  a  white  crystalline  powder,  which  burns  with  a  flash, 

2      6-' 

like  gunpowder. 

Crotonylene  or  hutinc,  vakrylene,  and  hexoylene  or  hexinc  have  been 
obtained  from  the  dibromides  of  butene,  amylene,  and  hexene ;  they 
are  liquids  having  a  strong  smell,  like  acetylene  and  allylene,  but, 
unlike  the  latter,  they  do  not  form  metallic  compounds. 

Diallyl  or  isohexine  G^^B.^  is  prepared  by  the  action  of  sodium  on 
allyl  iodide.  It  is  a  mobue  liquid  boiling  at  59°,  and  possessing  a 
pungent  odour.  It  combines  with  bromine  and  iodine,  forming 
isohexiiu  tetrdbromide  C^Hi^Br^,  and  isohexine  tetra-iodide  C^Hj^^I^; 
both  are  solid,  crystalline  bodies.  Isohexine  tetranitrite  G^^Ji^O^^ 
is  readily  formed  by  the  direct  union  of  diallyl  and  nitrogen  tetrox- 
ide;    it  is  a  white  crystalline  substanca     Isohexine  dichlordihydrale 
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(  CI 
C^HjQ  1  rOH^  ^^  produced  by  shaking  diallyl  with  an  aqueous  solution 

of  hypochlorous  acid. 

When  diallyl  is  heated  witli  concentrated  hydriodic  acid,  the  com- 
pound C-Hjgl^  is  obtained  as  a  heavy,  oily  liquid ;  on  heating  this 
body  with  silver  acetate  it  is  converted  into  isohexene  diacetatey  which 
is  isomeric  with  hexene  diacetate,  and  yields  with  caustic  potash 
isohexene  cdcoJiol  CgHj2(OH)2,  a  liquid  which  is  soluble  in  water  and 
boils  at  about  212°. 

Diallyl  dissolves  in  cold  concentrated  sulphuric  acid  to  a  clear 
liquid ;  on  addition  of  water,  isohexene  oxide  CgH^gO  separates  out  as 
a  light  limpid  liquid,  boiling  at  95**,  and  possessing  an  ethereal  and 
refreshing  smell  resembling  that  of  peppermint. 

Diallyl  or  isohexine  is  isomeric  with  hexoylene  or  hexine ;  the 
constitution  of  these  two  hydrocarbons  is  represented  by  the  following 
formulae  : — 

Hexine.  Isohexine. 

CH3  Clf, 


CH.,  CI  I 


CH,  CH2 


CH,  CH., 

I     "  I     ^ 

C  CH 

III  li 

CH  CII2 

Diallylcne  or  Dipropint  CH^C  —  CHg  —  C^CH. — This  hydro- 
carbon has  been  obtained  by  heating  isohexine  tetrabromide  with 
alcoholic  potash.  It  is  a  limpid  and  very  refractive  liquid,  boiling 
at  85^  and  combining  most  energetically  with  bromine.  In  an 
aqueous  solution  of  silver  nitrate  it  produces  a  white  amorphous 
precipitate,  which  when  heated  explodes  below  100°. 

The  other  members  of  the  acetylene  series  have  been  obtained 
either  from  the  dibromides  of  the  corresponding  olefines  or  from 
analogous  substitution  products.  Tims  oenanthylidene  has  been 
formed  by  acting  with  potash  on  ^lenanthidene  dibromide  (see  page 
234) ;  rutylene  was  prepared  from  diamylene,  and  the  isomeric  do- 
cenylene  from  the  dibromo-substitution  product  of  the  liydrocarbon 
^j^Hjj,  which  exists  in  petroleum. 

ERYTHRITE    C4He(0H)4. 

This  compound  is  the  only  known  alcohol  of  a  tetrad  radical ;  it 
exists  in  a  sea-weed,  called  Protococcus  vulgaris,  and  as  ether  of 
orsellic  acid  in  different  kinds  of  lichens  (Rocelh  species). 
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Erytlirite  forms  large  transparent  crystals ;  it  dissolves  freely  in 
water,  and  has  a  sweet  taste.  At  120°  it  melts,  and  at  about  300**  it 
volatilizes  with  partial  decomposition. 

Erythryl  Nitrate  Cfi^Q^O^^ — This  body,  which  is  commonly 
called  nitro-erythritey  is  obtained  in  colourless  crystals  by  dissolving 
erythrite  in  concentrated  nitric  acid  and  precipitating  this  solution 
with  sulphuric  acid.  It  is  very  inflammable,  burning  with  a  brilliant 
flame,  and  detonates  violently  when  struck  with  a  hammer. 

Erythric  Acid  C^HgO^. — This  monobasic  acid  is  obtained  by  heat- 
ing erythrite  with  common  nitric  acid,  and  forms  a  crystalline  and 
deliquescent  mass. 


COMPOUNDS  OF  HEXAD  RADICALS. 

MANNITE      CeH8(0H)e. 

Mannite  is  the  alcohol  of  the  hexad  radicals  mannyl  C^Hg ;  it  is 
found  in  many  plants,  as  celery,  many  kinds  of  fungi  and  seaweed, 
and  in  the  young  sap  of  the  larch,  the  lime,  and  several  species  of 
ash.  The  manna-ash  (Fraximis  omus)  yields  a  sweet  exudation, 
called  manna,  from  which  mannite  is  easily  obtained  by  exhausting 
it  with  boiling  alcohol ;  on  cooling,  mannite  separates  out,  and  is 
purified  by  recrystallization. 

Mannite  ciystallizes  from  alcohol  in  silky  needles,  and  from  water 
in  transparent  prisms,  melting  at  1G5°.  It  dissolves  in  five  parts  of 
cold  water,  and  very  freely  in  boiling  water,  and  possesses  a  pleasant 
sweet  taste. 

Mannite  has  also  been  found  in  small  quantity  among  the  products 
of  lactic  and  mucous  fermentation,  and  is  produced  artificially  by  the 
action  of  sodium  amalgam  on  a  solution  of  grape-sugar  0^11^0-. 

When  mannite  is  heated  with  concentmted  hydriodic  acid  and 
amorphous  phosphorus,  it  is  converted  into  secondary  hexyl  iodide 
(see  page  166). 

Mannitan  CgH80(0H)^. — When  mannite  is  heated  to  200^  it  loses 
one  molecule  of  water,  and  mannitan  is  formed ;  it  is  a  syrupy  mass, 
which  slowly  combines  with  water,  mannite  being  reproduced. 

Mannite  and  mannitan  form  a  large  number  of  compound  ethers. 

Mannyl  Nitrate  or  Nitromannite  CgHg(N08)-  is  obtained  by  dis- 
solving mannite  in  fuming  nitrite  acid;  ana  is  precipitated  by 
sulphuric  acid  as  a  crystalline  powder.  It  is  insoluble  in  water,  and 
crystallizes  from  alcohol  in  silky  needles.  On  heating  it  first  melts, 
and  then  burns  with  a  flash  like  gunpowder,  but  by  percussion  it 
decomposes  with  a  violent  detonation.  Ammonium  sulphide  and 
other  i*educing  agents  reconvert  it  uito  mannite. 


THE  CARBON  COMPOUNDS.  279 

Mannylsulphuric    Acid    ^6^s\  (()T{\    - — "^^^^    tribasic    acid    is 

obtained  by  dissolving  mannite  in  concentrated  sulphuric  acid, 
diluting  with  water,  and  neutralizing  the  solution  barium  carbonate. 
By  adding  to  the  filtrate  just  the  required  quantity  of  sulphuric  acid, 
a  solution  of  mannylsulphuric  acid  is  formed,  having  a  very  sour 
taste  ;  on  heating,  it  is  resolved  into  mannite  and  sulphuric  acid. 

Mannyl  Dichlorhydrate  or  Dichloromannite  GQSQ{01{)fi]^  is  formed 
by  heating  mannite  with  15  parts  of  concentrated  hydrochloric  acid 
to  100** ;  it  is  soluble  in  water,  and  forms  colourless  crystals,  melting 
at  174^  A  mixture  of  concentrated  nitric  and  sulphuric  acids  con- 
verts it  into  the  chloronitrcUe  CgHg(N08)^Cl2,  crystallizing  from  alcohol 
in  fine  needles.  When  the  dichlorhydrate  is  acted  upon  by  alkalis, 
it  loses  hydrochloric  acid  and  yields  the  compound  CgH80(OH)3Cl, 
a  neutral,  bitter  substance,  which  is  very  soluble  in  water,  and  by 
boiling  with  it  for  a  long  time  is  converted  into  mannitan.  By  the 
prolonged  action  of  hydrochloric  acid  on  the  dichlorhydrate  it  loses 
water,  yielding  the  body  CoH80(OH)2Cl2  in  colourless  crystals. 

Mannyl  Hexacetate  C^^{(j^fi^^  is  formed  by  heating  mannite 
with  acetic  anhydride ;  it  forms  colourless  crystals,  which  are  soluble 
in  water  and  melt  at  100°.  At  the  same  time  the  anhydro-compound 
C^H80(OH)2(C2H302)2  is  produced,  which  is  also  obtained  by  heating 
mannite  with  glacial  acetic  acid ;  it  is  a  colourless  syrup,  having  a 
bitter  taste. 

Similar  compounds  have  been  prepared  by  heating  mannite  with 
other  fatty  acids.  Thus  on  acting  on  it  with  stearic  acid,  it  yields 
G^IB^O{C'^^^^ ;  this  tetrastearate  or  teirastcaryUmannitanide  is  a 
fatty  mass,  and  insoluble  in  water. 


DULCITE  OR   MELAMPYRIN   CgHg(OH)g. 

This  isomeride  of  mannite  has  been  found  in  dtUcose,  a  crystalline 
substance  from  Madagascar,  the  origin  of  which  is  unknown ;  it 
also  occurs  in  several  plants  {Melampyrum  nemoroaum,  Rhinanthiis 
Crista-galli).  It  forms  monoclinic  crystals,  melting  at  182**,  and 
having  a  faint,  sweet  taste,  being  much  less  soluble  in  water  than 
mannite.  Dulcite  has  also  been  obtained  from  milk-sugar  (see 
Sugars). 

The  chemical  properties  of  dulcite  are  very  similar  to  those  of 
mannite.  Hydriodic  acid  converts  it  into  secondary  hexyl  iodide, 
which  is  identical  with  that  from  mannite.  When  it  is  heated, 
amorphous  dulcitan  CgH80(0H) .  is  formed,  and  on  heating  it  with 
acetic  acid  it  yields  a  great  nunaber  of  neutral  compounds,  some  of 
which  are  ethers  of  dulcite  and  other  ethers  of  dulcitan.  The 
hexacetate  C-H8(C2H802)e  forms  hard  crystalline  plates,  melting  at 
171*,  and  subliming  at  above  200®. 
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Isodulcite  C^K^fi.  +  Kfi  has  been  obtained  by  boiling  qiiercitrin 
(see  Glucosides)  with  dilute  acids.  It  forms  large  transparent  crystals, 
resembling  sugar-candy,  and  melting  with  loss  of  water  at  lOS^  to 
110°.  A  mixture  of  nitric  and  sulphuric  acids  converts  it  into  the 
nitrate  CgH^(N03)3(OH)2,  which  is  only  slightly  explosive. 

Qitercite  CgHjgOg  exists  in  acorns,  and  forms  monoclinic  crystals, 
melting  at  235°  and  possessing  a  sweet  taste.  By  a  mixture  of  nitric 
and  sulphuric  acid  it  yields  a  resinous  and  very  explosive  nitrate. 

Finite  G^JI^fi^  has  been  found  in  a  Californian  pine  {Pintis  lamber- 
tiana) ;  it  forms  crystalline  nodules,  which  are  soluble  in  water,  possess 
a  very  sweet  taste,  and  melt  without  decomposition  above  150°. 


MANNITIC  ACID   0^11^(011)5.00211. 

This  monobasic  acid  is  produced  by  exposing  a  moist  mixture  of 
mannite  and  platinum-black  for  some  time  to  a  temperature  of  50° 
to  60°,  a  part  of  the  mannite  at  the  same  time  being  oxidized  to  a 
peculiar  kind  of  sugar  called  mannitose  CgHjgO^.  Mannitic  acid  is  a 
gum-like  mass,  very  soluble  in  water,  and  forming  uncrystallizable 
salts. 

(  Co  OH 

SACCHARIC  ACID   0^11^(011)^^  CO  OH 

Is  a  product  of  oxidation  of  mannite,  cane-sugar  and  other  kinds 
of  sugar.  To  prepare  it,  one  part  of  cane-sugar  is  heated  with  three 
parts  of  nitric  acid  (specific  gravity  IS),  and  the  liquid  kept  for  some 
time  at  50°.  After  diluting  with  half  a  volume  of  water,  the  solu- 
tion is  neutralized  with  potassium  carbonate,  and  then  an  excess  of 
acetic  acid  is  added.  On  standing,  acid  potassium  saccharate  crystal- 
lizes out,  which  is  converted  into  the  neutral  salt,  and  its  solution 
precipitated  with  cadmium  nitrate.  The  well-washed  cadmium 
saccharate  is  decomposed  by  hydrogen  sulphide.  On  evaporating 
this  solution,  the  acid  is  left  behind  as  a  whit«  amorphous  mass,  havinjj; 
a  very  sour  taste. 

By  boiling  it  with  nitric  acid,  it  is  oxidized  to  tartaric  acid : — 

C,H,(OH),  {  gg.OH  ^  20,  =  C2H2(OH)2  {  gg;gg  +  200,  -h  2H2O 


MUCIC  ACID  C^H^(OH),|^^-^^ 

This  isomeride  of  saccharic  acid  is  obtained  by  oxidizing  dulcite, 
milk-sugar,  and  several  kinds  of  gum.  It  is  best  prepared  by  heating 
2*5  parts  of  milk-sugar  with  four  parts  of  water  and  four  parts  of 
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nitric  acid  of  specific  gravity  1*33,  until  a  reaction  commences,  and 
then  keeping  the  liquid  for  half  an  hour  just  at  the  boiling-point.  On 
cooling,  muric  acid  separates  out  in  small  crystals.  From  the  mother- 
liquor  more  may  be  obtained  by  boiling  it  with  nitric  acid  Mucic 
acid  is  but  sparingly  soluble  in  cold  water,  and  can  therefore  easily 
be  separatJed  from  saccharic  acid,  which  is  often  produced  together 
with  muric  acid  by  oxidizing  several  kinds  of  sugar  and  gum.  By 
the  prolonged  action  of  nitric  acid  it  is  oxidized  to  racemic  acid  and 
oxalic  acid ;  hydriodic  acid  reduces  it  to  adipic  acid  C.Hg(C0.0H)2. 

When  mucic  acid  is  heated  with  phosphorus  pentachloride,  it  yields 
the  compound  C^HjCljCCOCl)^  :— 

C,H,(OH),  {  gg;^g  +  6PC1,  =  C,H,C1, 1  ggg}  +  6POCI3  +  8HC1 

This  chloride  is  decomposed  by  water,  cfdoroniuconic  acid 
C^HgClgCCO.OH)^  being  formed,  crystallizing  in  long  white  needles. 
On  heating  this  acid  with  alcoholic  potash  to  170°,  it  is  resolved  into 
hydrochloric  acid,  oxalic  acid,  and  acetic  acid. 

Hydromuconic  add  C^Hq(C0.0H)2  is  obtained  by  treating  chloro- 
muconic  acid  with  water  and  sodium-amalgam;  it  crystedlizes  in 
white  needles,  melting  at  195®.  By  the  further  action  of  nascent 
hydrogen  it  is  converted  into  adipic  acid.  When  bromine  is  added 
to  a  solution  of  hydromuconic  acid  in  glacial  acetic  acid,  it  yields 
dihromadipic  acid,  C^^vjS^O.OW)^,  crystallizing  in  small  warty 
needles.  On  adding  silver  oxide  to  its  hot  aqueous  solution,  the 
following  reaction  takes  place  : — 

CeHsBr.O,  4-  Ag^O  =  C^H^O,  +  H^O  -h  2AgBr 

Mucoiiic  acid  C^HgO^  is  produced,  forming  large  monoclinic 
crystals.  It  is  a  monobasic  acid,  which  on  boiling  with  baryta  water 
yields  carbon  dioxide,  acetic  acid,  succinic  acid,  and  other  products. 
The  formation  as  well  as  the  products  of  decomposition  of  this  acid 
show  that  its  constitution  must  be  similar  to  that  of  aconic  acid 
(page  239),  and  may  bo  expressed  thus  : — 

O 
(:()/       ;c— CHo— CH,— CO.OH 


PYROMUCIC   ACID   CgH^Oj 

Is  a  product  of  the  destructive  distillation  of  mucic  acid,  but  is 
more  conveniently  obtained  by  decomposing  its  aldehyde  with 
alcoholic  potash.  Pyromucic  acid  is  a  monobasic  acid,  and  crystallizes 
in  flat  needles,  melting  at  134^ 
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PYROMUCIC  ALDEHYDE  OR  FURFUROL  CgH^O, 

Is  a  light,  oily  liquid,  boiling  at  162®,  and  possessing  a  peculiar 
aromatic  odour.  It  is  found  amongst  the  products  of  destructive  dis- 
tillation of  sugar,  and  is  also  produced,  together  with  methyl  alcohol, 
when  fir- wood  is  heated  with  water  for  a  considerable  time  under  a 
pressure  of  100  lb.  to  the  inch.  Furfurol  is  best  produced  by  ^- 
tilling  bran  with  dilute  sulphuric  acid ;  instead  of  bran,  flour,  saw- 
dust, or  gum  may  also  be  used.  These  bodies  contain  an  insoluble 
substance,  which,  when  boiled  with  very  dilute  sulphuric  acid,  is  con- 
verted into  a  brownish  sweet  syrup ;  and  this,  by  distillation  with 
sulphuric  acid,  yields  furfurol.  Furifurol  combines  with  the  acid 
sulphites  of  the  alkali-metals,  forming  crystalline  compounds,  and 
reduces  an  ammoniacal  silver-solution. 

When  furfurol  is  in  contact  with  aqueous  ammonia,  it  is  converted 
into  fiirfuraviide  CjgHjgOoNg,  a  yellowish-white,  crystalline,  insoluble 
substance,  which  by  acids  is  again  resolved  into  its  constituents; 
whilst,  by  dilute  boiling  potash,  it  is  converted  into  an  isomeride, 
called  fur/urine ;  it  is  Ijut  sparingly  soluble  in  water,  but  freely  in 
alcohol ;  its  solution  has  a  strong  alkaline  reaction.  With  acids  it 
forms  a  series  of  beautifully  crystallizable  salts,  having  an  intensely 
bitter  taste. 

Furfuryl  alcohol  CgH^Og  is  produced,  together  with  pyromucic 
acid,  by  the  action  of  caustic  potash  on  furfurol : — 

2CgH,0,  +  KOH  =  C.HjKO,  +  CgH«0, 

It  is  an  oily  liquid,  which  distils  at  170° — 180°  with  partial  di^- 
composition. 

Tetraphenol  C^H^O  is  a  limpid  liquid,  boiling  at  32°,  and  haviii;^ 
a  peculiar  smell;  it  is  produced  by  heating  pyromucic  acid  with 
alkalies : — 

2C^H30.COH  +  KOII  =  C^HjO.CO.OK  +  C,H30.CH2.0H 

Fucusol  C^JIfi^'  This  isomeride  of  furfurol  has  been  obtained  by 
boiling  seaweeds  with  dilute  sulphuric  acid ;  it  is  a  liquid  closely 
resembling  furfurol,  both  in  its  physical  and  chemical  properties.  It 
boils  at  171°,  and  yields,  with  silver  oxide  and  water,  fi  pyronivvic 
acid  CgH^Ojp  crystallizing  in  small  rhomboidal  plates,  melting  at 
130°. 


PYRROL  C^HgN  AND   CARBOPYRROLAMIDE   C^HgONHg. 

These  two  compoimds  are  formed  by  the  destructive  distillation  of 
ammonium  pyromucate.  On  evaporation  the  aqueous  portion  of  the 
distillate,  carbopynx)lamidey  is  obtained  in  brilliant  plates.  By  the 
action  of  boiling  baryta-water  it  is  resolved  into  ammonia  and  carbo- 
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pyrrolic  add  C^H^NOo,  which  is  obtained  as  a  white  flocculent  preci- 
pitate on  adding  hydrochloric  acid  to  the  solution;  it  crystallizes 
from'alcohol  in  white  prisms,  and  sublimes  at  190°  in  small  feathery 
crystals.  At  a  high  temperature  it  is  resolved  into  carbon  dioxide 
and  pyrrol,  which  is  also  readily  obtained  by  heating  ammonium 
pyromucate  with  glycerin.  Pyrrol  is  a  colourless  oil,  when  freshly 
prepared,  but  it  soon  assimies  a  brown  colour ;  it  boils  at  133°,  and 
possesses  a  pleasant  smell.  Pyrrol  has  the  characteristic  property  of 
imparting  a  fine  crimson  colour  to  pine-wood,  moistened  with  hydro- 
chloric acid.  This  pyrrol-red  has  the  empirical  formula  CigHj^Og ;  it 
is  also  obtained  as  an  amorphous  precipitate  by  heating  pyrrol  with 
an  excess  of  hydrochloric  acid,  and  by  the  action  of  acids  on  tetra- 
phenol  and  furfuryl  alcohol. 

Potassium  dissolves  in  pyrrol  with  evolution  of  hydrogen,  potas- 
sium-pyrrol CjH.KN  being  formed,  which,  with  ethyl  iodide,  yields 
ethyl-pyrrol  C3H^(C2H5)N,  a  colourless  liquid  smelling  like  turpen- 
tine ;  its  vapour  colours  pinewood,  moistened  with  hydrochloric  acid 
like  pyrrol. 

The  constitution  of  the  compounds  derived  from  mucic  acid  is  not 
exactly  known ;  the  relation  between  them  may  be  expressed  by  the 
following  formulae : — 

Adipic  Acid.  Mucic  Acid.  Pyromucic  Acid. 

^♦^  {  CaOH         ^\H,(OH),  I  gg  ;gg        C.HsO.CO.OH 

CarbopyiTolaniide.  Carbopyrrolic  Acid.  Pyrrol. 

C,H3(NH)CO.NH2  C,H3(NH)C0.0H  CJi,.NH 


CHELIDONIC   ACID   AND   MECONIC   ACID. 

Chelido7iic  Acid  C4H(CO.OH)3. — This  tribasic  acid  occurs,  together 
with  malic  acid,  in  Chelidonium  majns,  and  is  obtained  by  heating  the 
juice  of  this  herb  te  the  boiling-point,  filtering  and  acidifying  the 
liquid  with  nitric  acid.  On  adding  lead-nitrate,  a  crystalline  precipi- 
tate of  lead,  chelidonate,  is  foimed,  which  is  decomposed  by  hydrogen 
sulphide.  Chelidonic  acid  is  sparingly  soluble  in  cold,  but  readily  in 
hot  water,  and  crystallizes  in  colourless  needles.  By  the  action  of 
bromine  it  is  decomposed,  yielding  bromoform  and  pentabromacetone 
C3HBr50. 

Mecaaic  acid  0^110(00.011)3  is  found  in  combination  with  mor- 
phine and  other  bases  in  opium ;  its  calcium  salt  is  obtained  as  a  by- 
product in  the  manufacture  of  these  alkaloids.  On  decomposing  this 
salt  with  hydrochloric  acid,  impure  meconic  acid  separates  out,  which 
is  purified  by  converting  it  inte  the  ammonium  salt,  which  is  crystal- 
lized, and  then  again  decomposed  with  hydrochloric  acid. 

Meconic  acid  crystallizes  from  a  hot  aqueous  solution  in  scales  or 
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prisms  containing  tliree  molecules  of  water.  The  silver  salts  of  this 
acid  are  very  characteristic.  On  adding  silver  nitrate  to  an  aqueous 
solution  of  the  free  acid,  the  acid  salt  C7Aq2H20^  separates  out  as  a 
white  precipitate,  which,  when  boiled  for  some  time  with  water,  is 
converted  into  the  yellow  normal  salt  C^AqjHOy,  which  is  also  pro- 
duced by  precipitating  a  neutral  solution  of  a  meconate  with  silver- 
nitrate. 

Ferric  chloride  produces  a  blood-red  colour  in  a  solution  of 
meconic  acid,  which  is  not  destroyed  by  the  addition  of  gold  chloride, 
whilst  the  similar  coloration  produced  by  ferric  chloride  in  solutions 
of  sulphocyanates  disappears  on  adding  a  solution  of  gold  chloride. 

Nitric  acid  oxidizes  meconic  acid  to  oxalic  -acid.  By  acting  with 
sodium-amalgam  on  its  aqueous  solution,  it  is  converted  into  hydro- 
meconic  ivdd  C^H.fi^,  an  amorphous  and  deliquescent  mass. 

Meconic  acid  is  easily  resolved  into  carbon  dioxide  and  comenic 
acid  0^1120(00211)2.  This  decomposition  may  be  effected  by  heating 
the  acid  to  220°,  or  by  boiling  it  for  a  long  time  with  water  or  dilute 
hydrochloric  acid.  Comenic  acid  crystallizes  in  prisms,  which  are 
almost  insoluble  in  cold  water,  but  more  freely  soluble  in  boiling 
water ;  its  aqueous  solution  gives  also  a  blood-red  colour  with  ferric 
chloride. 

When  comenic  acid  is  subjected  to  destructive  distillation,  it 
again  loses  carbon  dioxide,  and  is  converted  into  pyrocoraenic  acid 
C^UgO.OO.OH,  forming  large  transparent  plates,  which  readily  sub- 
lime, and  are  freely  soluble  in  water. 


CARBO-HYDRATES. 

The  compounds  of  this  group  contain  either  six  atoms  of  carbon 
in  the  molecule,  or  a  multiple  of  this  number,  and  oxygen  or 
hydrogen  always  in  the  same  proportion  as  in  water.  They  are 
divided  into  three  groups: — 


(1)  Sacchciroses. 

(2)  Glucoses. 

(3)  Aniylosps. 

G^^^S>u 

C,H,A 

(CeH.ob^n 

-h  Cane  Sugar 

-h  Grape  Sugar 

+  Starch 

-h  Milk  Sugar 

(Dextrose) 

+  Glycogen 

-h  Melitose 

—  Levulose 

-f  Dextrin 

-1-  Melizitose 

H-  Galactose 

—  Inulin 

-h  Mycose 

—  Sorbin 

Gums 

Synanthrose 

—  Eucalin 

Cellulose 

Inosite 

Tunicin 

Most  of  these  compounds  occur  in  the  vegetable  kingdom,  forming 
some  of  the  most  important  constituents  of  plants,  and  a  few  also 
occur  in  the  animal  oi^ganism.     The  chemical  constitution  of  only  a 
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few  is  kuown,  but  that  they  are  nearly  related  to  each  other  is 
shown  by  the  fact  that  most  of  them  can  be  converted  into  glucoses 
by  the  action  of  dilute  sulphuric  acid.  The  majority  of  them  are 
optically  active,  or  possess  the  power  of  turning  the  plane  of  polari- 
zation, some  to  the  right  hand  and  some  to  the  left.  The  right- 
handed  substances  are  marked  in  the  preceding  table  with  +,  and  the 
left-handed  with  — . 


(1)    SACCHAROSES. 
CANE-SUGAE  C^^K^O^^, 

Cane-sugar  occurs  in  the  juice  of  many  plants,  in  most  sweet 
fruits,  in  the  nectar  of  flowers,  and  in  honey.  In  the  greatest 
abundance  it  is  found  in  sugar-cane  {Saccharum  offidnarum),  in 
Sorgho  saccharatum  (the  Asiatic  sugar-cane),  in  beetroot,  in  sugar- 
maple,  and  in  several  palm-trees. 

Sugar  is  either  obtained  from  sugar-cane  or  beetroot;  smaller 
(quantities  are  also  extracted  from  sorgho  and  sugar-maple. 

Tlie  juice  of  the  sugar-cane  is  neutralized  by  a  milk  of  lime  and 
heated  to  the  boiling-point;  a  coagulum  consisting  of  albuminous 
matter,  phosphates,  &c.,  soon  separates  out.  The  clear  liquid  is 
quickly  evaporated  either  in  open  pans,  or  better  in  vactLO,  to  the 
consistency  of  a  thick  syrup,  and  then  left  to  crystallize.  The  "  raw 
sugar"  is  drained  from  the  "mother-liquor,"  which,  on  further 
evaporation,  yields  a  second  crop  of  crystals,  and  a  thick  brown 
uncrystallizable  syrup  called  "  molasses,"  or  treacle,  is  left  behind. 

The  raw  sugar  is  sent  from  the  West  Indies,  &c.,  to  this  country, 
and  "  refined  "  by  dissolving  it  in  water,  adding  some  lime-water, 
and  filtering  the  heated  liquid  through  a  thick  layer  of  animal 
charcoal.  The  colourless  filtrate  is  evaporated  in  "vacuum-pans" 
to  the  crystallizing  point,  and  put  into  earthen  moulds,  where  it 
solidifies  to  a  white  mass  of  "  loaf-sugar.*'  To  obtain  "  sugar-candy," 
it  is  not  so  far  concentrated,  and  allowed  to  evaporate  quietly 
and  slowly. 

Pure  cane-sugar  crystallizes  in  Iturge  transparent  monoclinic 
prisms,  emitting  a  phosphorescent  light  when  broken  in  the  dark 
with  a  hammer.  It  requires  one-third  of  its  weight  of  cold  water, 
and  dissolves  in  any  proportion  in  boiling  water.  It  is  much  less 
easily  soluble  in  dilute  alcohol,  and  almost  insoluble  in  absolute 
alcohol.  It  melts  at  160*"  to  a  clear  liquid,  which  solidifies  on  cooling 
to  a  glassy,  amorphous  mass  of  "  barley-sugar."  When  kept  for  some 
time  this  loses  its  transparency  and  becomes  crystalline.  The  pro- 
perty of  cane-sugar  to  turn  the  plane  of  polarization  to  the  right  is 
made  use  of  for  the  quantitative  determination  of  sugar  in  solution, 
the  angle  of  rotation  being  exactly  proportional  to  the  quantity  of 
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suf^r  contained  in  layers  of  equal  tliickness.  Tlie  saccharometer  of 
Soleil,  an  instrument  in  general  use  for  this  purpose,  is  provided  with 
a  graduated  circle,  divided  in  such  a  way  that  100  divisions  expiess 
the  rotation  caused  by  a  plate  of  quartz  of  one  millimetre  thicknesa 
Now,  as  exactly  the  same  rotation  is  produced  by  a  layer  of  a  solution 
of  cane-sugar  having  a  length  of  20  centimetres,  and  containing 
164*71  grammes  of  sugar  in  one  litre,  it  is  only  necessary,  in  order  to 
ascertain  the  quantity  of  sugar  contained  in  a  substance,  to  dissolve 
164*71  grammes  in  water,  diluting  to  one  litre,  and  observing  the 
rotation  which  it  produces ;  the  number  of  divisions  being  equal  to 
the  percentage  of  sugar. 

When  sugar  is  boiled  with  dilute  sulphuric  acid,  it  takes  water  up, 
and  is  resolved  into  equal  parts  of  dextrose  and  levulose : — 

Ci2H«0u  +  H,0  =  CeH^^Oe  +  C,H,fi, 

The  same  decomposition  occurs  in  a  solution  to  which  yeast  has 
been  added.  The  solution  of  these  two  glucoses  tui*us  the  polarized 
light  to  the  left  hand,  the  specific  rotatory  power  of  levulose  being 
greater  than  that  of  dextrose,  and  a  mixture  of  these  two  sugars  is 
therefore  called  inverted  sugar. 

When  sugar  is  heated  above  its  melting-point,  it  loses  water,  and  a 
brown  amorphous  bitter  substance  called  caramel,  remains  behind. 
At  a  still  higher  temperature  it  blackens;  inflammable  gases  are 
given  off,  consisting  of  marsh-gas,  carbon,  monoxide,  and  dioxide ;  and 
a  distillate  is  obtained,  containing  aldehyde,  acetic  acid,  acetone,  and 
furfurol,  while  porous  charcoal  is  left  behind. 

Strong  sulphuric  acid  decomposes  sugar  when  heated,  and  a  con- 
centrated sugar  solution,  even  at  the  common  temperature,  with 
copious  evolution  of  sulphur  dioxide  and  formation  of  a  voluminous 
black  carbonaceous  mass.  The  destructive  distillation  of  a  mixture 
of  lime  and  cane-sugar  yields  marsh-gas,  carbon  dioxide,  acetone, 
metacetone  CgHj^O,  and  isophorone  CgK^fi.  Metacetone  is  a  colourless 
liquid,  boiling  at  84°,  and  possessing  an  aromatic  smelL  On  oxi- 
dation with  chromic  acid,  it  yields  carbon  dioxide,  acetic  acid,  and 
propionic  acid.  Isophorone  is  an  oily  liquid,  boiling  at  210°  and 
having  a  sweet  aromatic  odour. 

Sugar  is  an  alcohol  of  an  octad  radical ;  by  heating  it  with  a  large 
excess  of  acetic  anhydride  to  160°,  the  acetate  C,oH,  .0«('C«H«Oo')o  is 

«.  ^  ••II*  •!  ^*        **  ••  "         */8 

obtained  as  a  viscid  liquid. 

Dilute  nitric  acid  oxidizes  cane-sugar  to  saccharic  acid,  which  by 
further  oxidation  is  converted  into  tartaric  acid  and  oxalic  acid,  but 
by  the  action  of  a  mixture  of  strong  sulphuric  and  nitric  acid  it 
yields  the  nitrate  Ci2Hi807(N08)^  which  is  an  amorphous,  explosive 
body. 

Cane-sugar  forms  also  metallic  compounds;  its  aqueous  solution 
dissolves  caustic  lime,  baryta,  magnesia,  and  lead  oxide :  these  solu- 
tions have  a  strong  alkaline  reaction  and  a  bitter  taste,  and  are 
decomposed  by  carbon  dioxide.     Copper  oxide  and  ferric  oxide  also 
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dissolve  in  a  solution  of  sugar  when  an  alkali  is  present ;  the  blue 
copper  solution  is  slowly  decomposed  on  boiling  with  the  separation 
of  i^  cuprous  oxide.  When  silver  salts  or  gold  salts  are  heated  with 
a  solution  of  sugar,  the  metals  are  reduced  to  the  itetallic  stata 

When  an  aqueous  solution  of  sugar  is  saturated  with  chlorine,  and 
the  liquid  is  then  treated  with  silver  oxide,  gluconic  acid  G^yjd^, 
an  isomeride  of  mannitic  acid,  is  formed.  The  acid  is  a  sour,  syrupy 
liquid,  but  the  calcium  and  barium  salts  crystallize  well. 


SYNANTHROSE   CJ2H22O11 

Occurs  in  the  tubers  of  Dahlia  variabilis,  ffelianthus  tuberosum,  and 
of  other  Compositae.  It  is  a  light  amorphous  powder,  which  is  very 
deliquescent,  has  no  sweet  taste,  and  no  action  on  polarized  light. 
Dilute  acids  or  yeast  change  it  into  levulose  and  dextrose,  and  on 
oxidation  it  yields  saccharic  acid. 


MILK-SUGAR   C^B^O^^-^'Efi 

Is  an  important  constituent  of  the  milk  of  mammals,  and  has  also 
been  found  together  with  cane-sugar  in  the  juice  of  the  Sapodilla 
(Achras  sapola).  It  is  prepared  on  the  large  scale,  chiefly  in  Switzer- 
land, by  evaporating  "  whey  "  to  a  syrupy  state.  Milk-sugar  forms 
hard  rhombic  prisms,  losing  their  water  of  crystallization  at  140**.  It 
dissolves  in  6  parts  of  cold  and  2*5  parts  of  boiling  water,  and  has 
only  a  faint  sweet  taste.  When  a  large  quantity  of  yeast  is  added  to 
a  dilute  solution  of  milk-sugar,  fermentation  sets  in  only  gradually. 
By  using  old  cheese  as  ferment,  milk-sugar  is  converted  into  lactic 
acid ;  at  the  same  time  some  mannite  and  alcohol  are  formed,  the 
latter  in  larger  quantity  if  the  solution  be  very  dilute.  When  a 
concentrated  solution  of  milk-sugar  is  treated  with  sodium  amalgam, 
a  part  is  reduced  to  dulcite,  and  another  gives  ethyl,  isopropyl,  and 
hexyl  alcohol. 

Nitric  acid  oxidizes  milk-sugar  to  mucic  and  saccharic  acids,  whilst 
cane-sugar  yields  only  saccharic  acid.  It  also  combines  with  bases 
like  cane-sugar,  and  reduces  an  alkaline  copper-solution,  and  solutions 
of  the  salts  of  the  noble  metale. 

When  milk-sugar  is  heated  with  bromine  and  water  to  100**,  it 
combines  with  the  bromine,  forming  a  compound  having  probably  the 
formula  CgHijBrjOg.  This  body  is  easily  acted  upon  by  silver  oxide, 
and  lactonic  acid  CgHj^Og  is  formed.  This  monobasic  acid  is  readily 
soluble  in  water,  and  crystallizes  in  fine  needles ;  by  further  oxidation 
it  is  converted  into  mucic  acid. 
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MELITOSK  CioHjgOu  4-  SHgO 

Is  found  in  a  kind  of  manna  which  is  obtained  from  various 
species  of  Eucalyptus  growing  in  Tasmania.  It  crystallizes  in  thin 
needles,  having  a  faint  sweet  taste ;  it  is  soluble  in  nine  parts  of  cold 
and  readily  in  boiling  water.  When  it  is  heated  with  dilute  sulphuric 
€Lcid,  or  in  contact  with  yeast,  it  is  resolved  into  glucose  (probably 
dextrose),   and    an    isomeric   non-fermentable    sugar  called   euccUin 

MELIZITOSK  CijHggOu  +  HgO 

Is  found  in  the  manna  of  Brian5on,  which  exudes  from  the  young 
branches  of  the  larch-tree ;  it  foims  small,  hard,  shining,  efflorescent 
crystals,  readily  soluble  in  water,  and  possessing  a  sweet  taste.  By 
tlie  action  of  dilute  sulphuric  acid,  it  is  converted  into  dextrose. 


MYCOSE   OR  TREHALOSE   CijHggOn 

Forms  the  chief  constituent  of  Trehala,  a  kind  of  manna,  which  is 
the  product  of  an  insect  living  on  an  Echinops  species  growing  in  Syria ; 
and  it  also  occurs  in  different  fu,ngi,  and  the  ergot  of  rye.  It  forms 
shining,  rhombic  octahedrons,  possessing  a  very  sweet  taste,  and  being 
freely  soluble  in  water  and  boiling  alcohol.  By  boiling  it  with  dilute 
sulphuric  acid,  it  is  converted  into  dextrose. 


(2)    GLUCOSES    CeHijOe. 
DEXTROSE,   OR   GRAPE-SUGAR. 

This  sugar  is  widely  diffused  through  the  vegetable  kingdom, 
occurring  in  most  kinds  of  sweet  fruit,  as  in  grapes,  in  honey,  &c. 
It  generally  occurs  mixed  with  an  equal  weight  of  levulose,  or  as 
inverted  sugar.  It  also  is  found,  but  in  smaU  quantity  only,  as  a 
normal  constituent  of  blood,  yellow  of  egg,  urine,  &c.  In  larger 
quantity  (up  to  10  per  cent.),  it  appears  in  urine  in  the  disease  called 
diabetes. 

Pure  dextrose  may  be  obtained  by  exhausting  honey  with  cold 
alcohol,  to  dissolve  the  more  soluble  levulose,  and  re-crystallizing  the 
residue  from  hot  alcohol.  Dextrose  is  manufactured  on  the  large 
scale  by  boiling  starch  with  very  dihite  sulphuric  acid  for  several 
hours,  neutralizing  the  liquid  with  chalk,  and  evaporating  the  solution 
to  crystallization. 

Dextrose  crystallizes  from  an  aqueous  solution  with  one  molecule 
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of  water  in  cauliflower-like  masses,  and  from  hot  alcohol  in  warty, 
anhydrous  needles.  It  is  less  sweet  than  cane-suc;ar,  and  less  soluble 
in  water,  requiring  about  one  part  of  cold  water  for  solution. 

Dextrose  precipitates  from  solutions  of  silver  salts  the  metal,  which, 
if  the  solution  contains  free  ammonia,  separates  in  form  of  a  brilliant 
mirror  on  the  sides  of  the  vessel.  Wlien  it  is  heated  with  an  alkaline 
solution  of  a  cupric  salt,  red  cuprous  oxide  is  precipitated.  This 
reaction  is  made  use  of  for  the  quantitative  determination  of  grape- 
sugar.  A  standard  solution  (Fehling's  solution)  is  prepared  by 
dissolving  34"64  grammes  of  crystallized  copper  sulphate  and  200 
grammes  of  Kochelle  salt  in  600  to  700  cb.  cm.  of  soda-solution  (specific 
gravity  1*2),  and  diluting  with  water  up  to  exactly  one  litre.  As  one 
molecule  of  grape-sugar  reduces  exactly  five  molecules  of  the  copper 
salt,  one  cb.  cm.  of  the  solution  corresponds  to  0005  gramme  of  grape- 
sugar.  The  analysis  is  performed  as  follows : — 10  cb.  cm.  of  the 
standard  solution  are  placed  into  a  basin,  and  after  being  diluted 
with  some  water  the  liquid  is  heated  to  the  boiling-point,  and  then 
the  sugar  solution  added  by  means  of  a  burette  until  the  blue  colour 
has  completely  disappeared. 

Another  simple  method  is  founded  on  the  fact  that  grape-sugar 
reduces  an  alkaline  solution  of  mercuric  cyanide  to  metallic 
mercury.  10  grammes  of  pure  mercuric  cyanide  are  dissolved  in  water, 
100  cb.  cm.  of  soda-solution  (1145  specific  gravity)  are  added,  and  the 
whole  diluted  with  water  to  one  litre.  40  cb.  cm.  of  this  solution 
correspond  to  0*1  gramme  of  sugar.  The  analysis  is  performed  in  the 
same  way  as  in  Fehling's  method,  and  the  end  of  the  reaction  recognized 
by  bringing  a  drop  of  the  solution  on  Swedish  filter-paper,  and 
holding  it  over  strong  ammonium  sulphide,  a  brown  stain  being 
produced  as  long  as  any  mercuric  cyanide  remains  in  solution. 

Dextrose  melts  at  170°,  losing  water  at  the  same  time,  and  being 
converted  into  glucosan  C^Hj^Og,  a  colourless  mass,  which  is  scarcely 
sweet  to  the  taste,  and  which  by  boiling  with  a  dilute  mineral  acid  is 
reconverted  into  dextrose.  When  dextrose  is  more  strongly  heated,  it 
yields  the  same  products  as  cane-sugar. 

Concentrated  sulphuric  acid  dissolves  dextrose  withotit  blackening, 
dextrose-sulphuric  add  being  formed,  the  barium  salt  of  which  is 
soluble  in  water. 

Nitric  acid  oxidizes  it  to  saccharic  acid,  and  by  acting  on  it  with 
chlorine  and  moist  silver  oxide  gluconic  acid  (page  287)  is  formed. 

By  the  action  of  boiling  acetic  anhydride  the  diacetate 
C^JdjS^^jd\  is  obtained  as  a  colourless  mass,  having  a  bitter  taste ; 
at  the  same  time  also  the  triacetate  0^1190^(021130)3  is  formed,  a 
similar  body  which  is  less  soluble  in  water  than  the  diacetate. 

The  compounds  of  dextrose  with  bases  are  very  unstable  bodies. 
By  saturating  its  solution  with  lime,  a  strongly  alkaline  solution  is 
obtained,  which  when  kept  for  some  time  becomes  neutral,  and  con- 
tains then  the  calcium  salt  of  glticinic  acid  0|oH,/)p ;  the  free  acid 
is  a  sour,  deliquescent,  amorphous  mass. 
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Dextrose  forms  also  several  compounds  with  sodium  chloride ;  of 
these,  that  having  the  composition  C^H^j^o  +  NaCl  +  H^O  is  most 
readily  obtained,  and  forms  large  crystds. 

When  yeast  is  added  to  a  dilute  solution  of  grape-sugar,  fermenta- 
tion soon  sets  in,  the  sugar  being  resolved  into  carbon  dioxide  and 
ethyl  alcohoL 

By  the  acting  with  sodium  amalgam  on  its  aqueous  solution,  it  is 
converted  into  mannite;  at  the  same  time  some  hexyl  alcohol  is 
formed  together  with  ethyl  alcohol  and  isopropyl  alcohoL 

This  reaction,  together  with  the  fact  that  dextrose  reduces  the  salts 
of  silver  and  other  metals,  shows  that  this  sugar  is  the  first  aldehyde 
of  the  hexad  alcohol  mannite.  By  further  oxidation  it  is  converted  first 
into  monobasic  gluconic  acid^  and  then  into  bibasic  saccharic  acid. 
The  connections  existing  between  these  bodies  appear  clearly  in  the 
following  formulae : — 


ManDitA. 

CH^OH 


i 


jaoH 
I 

CH.OH 

I 
CH.OH 

I 
CH.OH 

I 
CH,.OH 


Dextrose. 

CELOH 

I 
CH.OH 

I 
CH.OH 

I 
CH.OH 


Gluconic  Acid. 

CHyOH 

CH.OH 

I 
CH.OH 


Saccharic  Acid. 

CO.OH 


CH.OH 

I 
CH.OH 


CH.OH 

A. 


lOH 


CH.OH 

I 
CH.OH 

I 
CO.OH 


CH.OH 

I 
CH.OH 

CO.OH 


LEVULOSE   C^HijO^ 

This  left-handed  sugar  is  found  mixed  with  dextrose,  and  often 
also  with  cane-sugar  in  dififerent  kinds  of  fruit,  and  in  honey.  As 
the  two  glucoses  generally  occur  in  equal  quantities,  they  must  have 
been  derived  from  cane-sugar  originally  contained  in  the  plants,  and 
which  by  the  action  of  acids  or  ferments  has  been  transformed  into 
inverted  sugar. 

To  prepare  pure  levulose  a  solution  of  cane-sugar  is  heated  with 
dilute  sulphuric  acid,  and  the  liquid  mixed  in  a  mortar  with  slaked 
lime,  whereby  a  solid  lime-compound  of  levulose  is  formed,  while 
that  of  dextrose  remains  in  solution,  and  may  be  removed  by  strong 
pressure.  The  dry  residue  is  decomposed  by  a  solution  of  oxalic  acid, 
and  the  filtrate  concentrated  by  evaporation: 

Levulose  is  a  colourless  uncrystallizable  syrup,  and  is  more  soluble 
in  water  and  alcohol  than  dextrose.  It  reduces  the  salts  of  silver  and 
copper  like  dextrose,  and  readily  undergoes  fermentation  in  contact 
with  yeast. 
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On  heating,  it  is  conrerted  into  levtUosan  C^Hj^^Og,  an  amorphous 
mass,  which  may  be  reconverted  into  levulose  by  boiling  it  with  a 
dilute  acid. 

By  saturating  a  dilute  solution  of  levulose  with  chlorine,  and 
then  treating  the  liquid  with  silver  oxide,  no  gluconic  acid  is  formed, 
but  glycollie  acid. 

From  this  it  appears  that  the  constitution  of  levulose  is  difierent 
from  that  of  dextrose ;  it  is  also  the  aldehyde  of  a  hexad  alcohol 
radical,  and  its  constitution  may  be  expressed  by  the  followiug 
formida,  which  at  least  readily  explains  why  it  is  easily  resolved  into 
glycollie  acid :—  ^g  q^ 

CH.OH 

HO.C— CH,.OH 

I 
CH.OH 

I 
COH 

Now,  as  cane-<sugar  has  to  be  regarded  as  an  ether,  its  constitution 
would  be  as  follows : —  qxt  qtt 
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CH.OH 

Ah 

CH 

I  >o 


HO.C— CHj-OH 


CH.OH 


CH,.OH 


This  formula  shows  that  cane-sugar  contains  the  group  hydroxyl 
eight  times,  a  fact  which  is  proved  by  its  forming  an  acetic  ether  con- 
taining eight  acetyls  (page  286) ;  and  further,  it  is  shown  that  in  cane- 
suffar  the  aldehyae-group  COH  is  not  ]present ;  it  acts  therefoi-e  as 
reducing  agent  only  after  being  resolved  into  dextrose  and  levulose. 
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GALACTOSE 

Is  formed  (probably  together  with  dextrose)  by  boiling  milk-sugar 
wit  h  very  dilute  sulphuric  acid.  It  crystallizes  in  microscopic  prisms, 
and  is  readily  soluble  in  water. 

It  is  very  easily  fermentable,  and  reduces  alkaline  copper-solutions 
like  the  two  other  glucoses.  From  dextrose  it  differs  not  only  by  the 
greater  dextro-rotatory  power  of  its  solution,  but  also  by  yiftlding  on 
oxidation  only  raucic  acid  (twice  as  much  as  the  same  weight  of 
milk-sugar).  When  inverted  milk-sugar  is  treated  with  water  a^nd 
sodium  amalgam,  it  yields  dulcite  and  inanniie. 

Besides  these  three  glucoses,  we  are  acquainted  with  several  other 
varieties,  which  all  possess  the  property  of  being  readily  fermentable. 
The  following  bodies,  however,  differ  fi'om  the  glucoses  by  not  under- 
going fermentation  in  presence  of  yeast,  and  by  not  being  converted 
into  a  glucose  or  fermentable  sugar  by  the  action  of  dilute  acids. 

Sorbin  CgHijOg  occurs  in  the  berries  of  the  mountain-ash,  and  forms 
large  crystals,  having  a  very  sweet  taste.  When  treated  with  chlorine 
and  silver  oxide,  it  is  oxidized  to  glycollic  acid. 

Inosite  C^H^^^e  +  ^^2^  ^^  heen  found  in  the  muscular  substance 
of  the  heart,  lungs,  liver,  kidneys,  &c.,  in  green  kidney-beaos  nod 
the  unripe  fruits  of  other  Papilionaceae,  and  also  in  other  plants. 
It  forms  large  transparent  rhombic  cr3'stals,  which  lose  their  water  of 
crystallization  when  exposed  to  the  air.  It  is  soluble  in  water,  and 
has  a  sweet  taste.  By  the  action  of  dilute  nitric  acid  it  is  oxidized  to 
oxalic  acid,  but  the  concentrated  acid  converts  it  into  an  explosive 
nitric  ether,  called  nitro-inosite  G^^i^O^^, 

Eucalyn  CgH^gO^  is  obtained  together  with  ethyl  alcohol  by  the 
fermentation  of  melitose,  and  forms  an  uncrystallizable  syrup: — 

CiaH^Oii  -h  HgO  =  2C0,  +  2G^lifi  -h  C,H,,0, 


(3)    AMYLOSES    (C60,oH5)„ 
STAECH,   OR  AMYLUM, 

This  important  and  widely-diffused  body  is  found  to  a  greater  or 
less  extent  in  nearly  every  plant.  It  is  most  abundant  in  grain,  in 
rice,  and  a  great  many  other  seeds,  and  in  certain  roots  and  tubes,  as 
in  potatoes,  and  in  the  stem  of  several  palm-trees. 

Stafch  is  a  soft,  white  powder,  which  under  the  microscope  is  seen 
to  be  destitute  of  crystalline  structure,  being  made  up  of  transparent 
rounded  granules^  possessing  an  organized  stnicture.  The  starch- 
granules  of  different  plants  vary  much  both  in  form  ^nd  magnitude 
Tsee  Figs.  12  and  13),  the  average  diameter  being  .of — 
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Potato-starcb 0-185  mm. 

Sago-starch 007(1  „ 

Wheat-starch 0050  „ 

Starch  from  Ckcnopodium  Qifirum  .  0002  „ 

Starch  is  insoluble  in  cold  water,  and  in  alcohol  and  ether.  When 
it  is  heated  with  water  above  60°,  the  graiuilbs  burst,  and  form  a  thick 
mucilaginous  mass,  called  "  starch -paste."  On  boiling  starch  with 
a  large  quantity  of  water  for  a  long  time,  the  particles  become  so 
finely  divided,  that  they  pass  througli  filter-paper,  and  on  continuing 
the  boilinj^  a  complete  solution  of  starch  ia  effected.  When  alcohol 
is  added  to  the  clear  liquid  thus  obtained,  soluble  starch  \s  precipitated, 
a  white  amorphous  powder,  which  is  soluble  in  cold  water. 

Both  insoluble  and  soluble  starch  combine  with  iodine,  forming  a 
deep-blue  compound,  which,  when  heated  witli  water,  becomes  colour- 
less ;  bat  on  cooling  the  blue  colour  appears  again.  Bromine  imparts 
to  starch  an  orange  colour. 


A  hot  solution  of  starch  is  precipitated  by  lime-water,  baryta- 
water,  and  basic  lead  acetate,  insoluble  compounds  of  starch  with  the 
oxides  being  formed. 

Cold  concentrated  sulphuric  acid  dissolves  starch  with  the  forma- 
tion of  amylum-sulphuric  acid.  The  concentrated  nitric  acid  converts 
it  without  the  evolution  of  gases  into  the  nitrate  CijH,gOB-NOg  called 
xyloidin,  which  on  addition  of  water  is  precipitated  as  a  wliite 
powder.  The  dry  substance  bums  like  gunpowder,  and  detonates  by 
percussio^. 

When  starch  is  heated  with  an  excess  of  acetic  anhydride  ia  140', 
it  is  converted  into  kexacetyl-amyluw.  C,gH^j(C,H,0),0,(^  a  white 
amorphous  body ;  which  is  not  coloured  blue  by  iodine,  and  when 
treated  with  alkalis  is  resolved  into  starch  and  acetic  acid. 
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DEXTRIN. 

This  body,  which  is  also  called  British  Gum,  is  an  amorphous  white 
powder  or  gum-like  mass,  which  is  readily  soluble  in  water,  and 
occurs  in  small  quantity  in  plants  and  in  the  flesh.  It  is  obtained 
by  heating  starch  above  150"*,  or  by  exposing  starch  moistened 
with  dilute  hydrochloric  or  nitric  acid  to  a  temperature  of  110*. 
Dextrin  is  also  formed  by  heating  starch-paste  to  TO"*,  and  adding  to 
it  an  infusion  of  malt,  or  boiling  it  for  a  short  time  with  dilute 
sulphuric  acid.  The  active  principle  of  malt  is  a  ferment  called 
"  Diastase,"  of  which  a  very  small  quantity  is  sufficient  to  convert  a 
very  large  quantity  of  starch  into  dextrin.  By  the  further  action  of 
diastase  or  sulphuric  acid  upon  dextrin,  it  assimilates  water,  and 
is  converted  into  dextrose. 

ffexax^yl-dextrin  012^^^4(0^ fi)fi^  in  ohtRined  by  heating  dextrin 
or  starch  with  acetyl  anhydride  to  160° ;  it  is  a  white  amorphous  body, 
insoluble  in  water,  but  soluble  in  glacial  acetic  acid,  and  yielding 
again  dextrin  by  the  action  of  alkalies. 


GUMS. 

The  name  gum  is  used  to  designate  a  number  of  bodies  occurring 
in  many  plants;  they  are  all  amorphous,  more  or  less  soluble  in 
water,  and  insoluble  in  alcohol ;  on  boiling  them  with  dilute 
sulphuric  acid,  they  are  converted  into  a  glucose. 

Gum-arabic  and  gum-senegal  are  the  produce  of  different  kinds  of 
acacia.  They  form  colourless  or  yellow  rounded  irregular  masses, 
which  are  more  or  less  transparent,  and  dissolve  in  water  to  a  thick 
viscid  solution.  These  gums  consist  of  the  potash  and  lime  com- 
pounds of  Arahin,  To  prepare  this  compound,  a  little  hydrochloric 
acid  is  added  to  a  solution  of  gum-arabic,  and  the  arabin  precipitated 
by  alcohol.  It  is  a  white,  amorphous,  tasteless  mass,  which  when 
dried  at  100**  has  the  composition  Ci^^xf^i^  +  H^O ;  at  150*  it 
becomes  anhydrous.  Nitric  aciid  oxidizes  it  to  mucic  and  saccharic 
acids.  When  arabin  is  heated  with  dilute  sulphuric  acid,  it  is  con- 
verted into  arabinose  C^HuO^  a  non-fermentable  sugar,  crystallizing 
In  rhombic  needles,  and  turning  the  plane  of  polarization  strongly  to 
the  right. 

Cerasin  is  the  insoluble  part  of  the  gum  of  the  cherry-tree  and 
plum-rtree,  and  is  also  found  together  with  arabin  in  beet-root ;  it  forms 
with  cold  water  a  thick,  mucilaginous  liquid.  A  similar  substance  is 
ffumrtragacanth,  ^ 

Mucilage  occurs  in  many  plants,  as  in  the  kernels  of  the  quince, 
in  linseed,  in  salep  (the  roots  of  orchis  species),  in  the  root  of  the 
marsh^mallow,  &c. ;  it  is  soluble  in  cold  water,  forming  a  thick,  more 
et  l0si  opaque  liquid. 
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INULTN 

Occurs,  together  with  synanthrose  (page  287),  in  the  roots  of  Inula 
Selenium,  HelianthtLS  tuberosus,  &c.  It  is  a  light,  white  powder, 
which  is  sparingly  soluble  in  cold  water.  In  hot  water  it  dissolves 
to  a  mucilaginous  liquid,  from  which,  on  cooling,  tlie  greater 
part  of  inulin  is  again  deposited  as  powder.  Iodine  imparts  a 
brown  colour  to  it.  By  boiling  with  dilute  acids  it  is  converted 
into  le\Tilose. 


GLYCOGEN 

Is  a  white,  amorphous  powder,  resembling  starch,  and  occurring  in  the 
liver  of  several  animEds,  and  in  the  tissues  of  the  embryo,  in  the 
yolk  of  egg,  and  some  moUusca.  It  dissolves  in  cold  water  to  an 
opalescent  liquid,  and  gives  a  brown  colour  with  iodine.  By 
the  action  of  ferments  or  dilute  acids  it  is  readily  converted  into 
dextrose. 


CELLULOSE,   OE  LIGNIN, 

Forms-  a  large  proportion  of  the  solid  parts  of  all  plants.  The 
pure  substance  is  readily  prepared  by  treating  fine  linen  or  cotton 
with  dilute  potash-solution,  dilute  acids,  ether,  &c.,  to  remove  all 
adhering  impurities.  In  the  pure  state  it  is  perfectly  white,  exhibit- 
ing the  structure  of  that  part  of  the  plant  from  which  it  has  been 
obtained.  It  is  insoluble  in  water,  alcohol,  and  ether,  but  readily 
soluble  in  a  solution  of  cupric  hydroxide  in  ammonia.  On  adding  an 
acid  to  this  solution,  it  is  precipitated  as  an  amorphous  mass. 

Concentrated  sulphuric  acid  dissolves  it  in  the  cold ;  on  adding 
water  to  this  solution,  white  amorphous  flakes  separate  out,  which 
are  coloured  blue  by  iodine,  like  starch.  By  the  continued  action  of 
sulphuric  acid,  it  is  converted  into  dextrin  and  dextrose. 

If  unsized  paper  be  dipped  for  a  few  seconds  in  a  cold  mixture 
of  two  volumes  of  concentrated  sulphuric  acid  and  one  volume  of 
water,  and  then  washed  with  water  and  ammonia,  the  so-called  2?arcA- 
ment  paper  is  obtained. 

By  the  action  of  concentrated  nitric  acid  on  cellulose,  it  is  without 
change  of  form  converted  into  a  nitric  ether,  the  composition  and 
properties  of  which  vary  according  to  the  mode  of  preparation. 

Gun-cotton  Ci2Hj^O^(N03)^. — To  prepare  this  body,  cotton-wool  is 
first  immersed  in  a  boiling  dilute  solution  of  potassium  carbonate, 
then  washed  with  water  and  well  dried.  It  is  now  steeped  for  a  few 
minutes  in  a  cold  mixture  of  one  part  of  concentrated  nitric  acid 
and  three  parts  of  oil  of  vitriol,  then  squeezed,  and  again  placed  in  a 
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fresh  acid  mixture,  and  left  there  for  forty-eight  hours.  It  is  then 
again  well  squeezed,  and  washed  for  a  long  time  with  running  water, 
and  lastly  steeped  again  in  a  solution  of  potassium  carbonate. 

Gun-cotton  thus  manufactured  will  keep  without  change  for 
almost  any  length  of  time,  and  may  be  kept  under  water  for  safety's 
sake  ;  possessing,  after  drying,  all  its  original  properties. 

It  is  insoluble  in  water,  alcohol,  and  ether.  It  takes  fire  at  150*, 
burning  away  rapidly,  but  without  explosion  ;  but  when  icrnit^d  in  a 
confined  space,  or  by  percussion,  it  decomposes  with  a  violent  detona- 
tion, the  action  of  which  equals  that  of  five  times  its  weight  of  gun- 
powder. The  products  of  its  decomposition  consist  principally  of 
nitrogen,  carbon  monoxide,  carbon  dioxide,  and  water. 

A  different  product  is  obtained  by  steeping  cotton-wool  in  a  warm 
mixture  of  two  parts  of  dry  saltpetre  and  three  paits  of  concentrated 
sulphuric  acid,  for  twenty-four  hours :  the  substance  thus  formed  is 
called  soluble  gun-cotton,  or  coUodioii-wool ;  it  is  less  explosive,  and 
readily  soluble  in  a  mixture  of  ether  with  a  little  absolute  alcohol, 
forming  a  clear  solution  called  collodio7i,  which,  when  left  to  evaporate, 
dries  up  quickly  to  a  thin,  transparent,  adhesive,  waterproof  mem- 
brane, which  is  used  in  surgery  as  a  covering  for  wounds  and  bums* 
Collodion  is  also  largely  used  in  photography  to  cover  glass-plates 
with  a  transparent  membrane  containing  silver-salts. 

Collodion  wool  contains  less  NO3  than  gun-cotton,  but  its  composi- 
tion is  not  exactly  known;  both  compounds  are  reconverted  into 
cotton-wool  by  acting  on  them  with  a  solution  of  a  ferrous  salt  or 
other  reducing  agents;  hydroxyl  replaces  the  group  NO5,  and  the 
latter  oxidizes  the  ferrous  salt,  and  nitric  oxide  is  given  off. 

By  the  action  of  strong  nitric  acid  upon  paper,  sawdust,  flax,  &a, 
explosive  bodies  resembling  gun-cotton  are  obtained. 

Woody  fibre  does  not  contain  free  cellulose  but  in  combination 
with  other  bodies.  Thus  finely-divided  pinewood  {Pinus  aiies),  after 
being  purified  by  exhausting  it  with  very  weak  acetic  acid,  hot  water, 
alcohol,  and  ether  (in  order  to  remove  colouring  matter,  resin,  &c), 
yields  to  an  ammoniacal  solution  of  cupric  oxide  only  a  trace  of 
cellulose.  Its  composition  was  found  to  be  CjoH^Og^ ;  on  boiling  it 
with  hydrochloric  acid,  dextrose  goes  in  solution,  and  an  insoluble 
residue  of  Lignose  O^^^^O^^  is  left  behind  : — 

CgH^Oa  +  2H,0  =  2C,Hi,0e  +  Q,^^^0,^ 

Lignose  is  also  insoluble  in  an  ammoniacal  solution  of  cupric 
oxide,  but  is  converted  into  cellulose  on  boiling  it  with  weak  nitric 
acid  ;  besides  cellulose,  other  products  are  formed,  probably  belonging 
to  the  aromatic  group,  as  by  fusing  lignose  with  caustic  potash, 
pyrocatechin  C^HgOg,  a  body  belonging  to  this  group,  is  formed. 

Pine- wood  may  therefore  be  regarded  as  a  kind  of  ether,  containing 
the  radicals  of  grape-sugar,  cellulose  and  pyrocatechin  : — 

0«,H,,0„  +  2H,0  +  0  =  2C,H„0,  +  G^^TL^O,,  +  C,H,0, 
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The  stony  concretions  of  pears  principally  consist  of  glucodrupose 
Cj^Hjj-OjQ,  which  by  boiling  with  hydrochloric  acid  yields  dextrose 
and  drupose  CigHg^Og ;  and  the  latter,  when  boiled  with  weak  nitric 
acid,  yields  cellulose,  whilst  on  fusing  it  with  caustic  potash  pyro- 
catechin  is  formed. 


TUNICLV. 

Tliis  name  has  been  given  to  a  substance  which  has  the  greatest 
resemblance  to  cellulose,  and  appears  to  be  identical  with  it.  It 
occurs  in  the  mantle  of  Ascidia  (spec,  of  Cynthia,  Phallusia,  &c.), 
from  which  it  is  obtained  by  boiling  the  mantles  first  with  hydro- 
chloric acid,  and  then  with  caustic  potash.  In  concentrated  sulphuric 
acid  it  deliquesces  to  a  colourless  liquid,  which  on  boiling  with  water 
yields  a  glucose. 


FERMENTATION. 

Several  kinds  of  sugar  and  other  bodies  undergo,  under  certain 
conditions,  a  peculiar  chemical  change  called  fcrmentatian.  Fer- 
mentation is  always  caused  by  the  presence  of  a  ferment  or  a  sub- 
stance in  a  peculiar  state  of  decomposition.  Although  to  start 
fermentation  the  presence  of  a  ferment  is  necessary,  it  does  not  take 
part  in  the  decomposition  of  the  fermenting  substance.  The  products 
of  fermentation  vary  according  to  the  nature  of  the  fermenting  body,  aa 
well  as  according  to  the  nature  of  the  ferment.  Each  peculiar  kind 
of  fermentation  requires  a  certain  temperature,  and  it  is  nearly  always 
accompanied  by  the  development  of  certain  living  bodies  (infusoria 
or  fungi) ;  but  whether  the  growth  of  these  is  a  cause  or  a  consequence 
of  the  chemical  change  has  not  yet  been  decided. 

In  many  cases  fermentation  sets  in  without  bringing  a  ferment  in 
the  liquid ;  thus  grape-juice,  when  exposed  to  the  air,  soon  begins  to 
ferment,  because  it  contains  albuminous  substances  which,  in  contact 
with  the  air,  readily  undergo  decomposition  or  putrefaction,  and  are 
thus  converted  into  a  ferment. 

Vinous  Fermentation. — When  yeast  is  added  to  a  dilute  solution  of 
dextrose  or  another  glucose,  vinous  fermentation  speedily  sets  in ; 
whilst  a  solution  of  cane-sugar  undergoes  fermentation  only  slowly, 
the  cause  being  that  this  sugar  must  first  be  converted  into  in- 
verted sugar  before  fermentation  can  commence.  Vinous  fermenta- 
tion does  not  take  place  at  a  temperature  below  0°  or  above  35°,  and 
proceeds  most  rapidly  at  25°  to  30°.  The  presence  of  a  large  quantity 
of  acids  or  alkalis  prevents  fermentation ;  while  if  the  liquid  has  a 
faint  acid  reaction,  fermentation  proceeds  best.  The  chief  products  of 
vinous  fermentation  an)  ethyl  alcohol  and  carbon  dioxide : — 


C«Hi,Oe  =  2C,H^0  +  2C0 


2 
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A  small  quantity  of  sugar  is  at  the  same  time  converted  into  other 
products;  about  2*5  per  cent,  being  transformed  into  glycerin  and 
06  to  07  into  succinic  acid. 

The  yeast  which  is  formed  in  the  fermentation  of  the  juice  of  grape 
and  other  kinds  of  fruit,  and  of  malt-wort,  is  produced  from  soluble 
albuminous  bodies  contained  in  fruit  and  corn.  ••It  consists  of  one  of 
the  lowest  members  of  the  vegetable  kingdom  {Tonila  cerevisice),  and 
under  the  microscope  is  seen  to  be  made  up  of  little  oval,  transparent 
globules,  having  a  diameter  of  not  more  than  01  mm.,  and  often 
cohering  in  clusters  and  strings.  They  are  propagated  by  budding, 
and  quickly  die  as  soon  as  they  have  reached  their  highest  state  of 
development.  In  contact  with  air  and  water,  yeast  soon  undergoes 
putrefaction. 

Lactic  Fermentation, — ^This  kind  of  fermentation  takes  place  by 
adding  putrefying  cheese  to  a  dilute  solution  of  glucoses,  cane-sugar, 
milk-sugar,  or  gum,  and  exposing  it  to  a  temperature  of  25°  to  35\ 

Acids  prevent  lactic  fermentation,  and  therefore  chalk  or  zinc 
oxide  is  added  to  keep  the  solution  neutraL  Together  with  lactic 
acid,  a  certain  quantity  of  mannite  is  always  produced,  and  also  a 
peculiar  microscopic  fungus  consisting  of  small  globules. 

Butyric  Ferinentation, — ^When  the  semi-solid  mass  of  calcium 
lactate  formed  in  lactic  fermentation  is  exposed  to  a  temperature 
above  30°,  it  redissolves,  being  converted  into  soluble  calcium  buty- 
rate.  At  the  same  time  hydrogen  is  evolved,  and  a  living  micro- 
scopic organism  having  a  cylindrical  shape  and  a  length  of  about 
making  its  002  mm.  appears  in  the  liquid. 

Mtccic  Fermentation. — Under  certain  conditions  which  are  not  quite 
understood,  dextrose  undergoes  mucic  fermentation,  the  products  of 
which  consist  of  lactic  acid,  mannite  and  a  kind  of  gum ;  a  micro- 
scopic fungus  in  the  shape  of  small  globules,  adhering  in  rings, 
making  its  appearance  at  the  same  time. 

Other  kinds  of  fermentation  will  be  found  under  the  head  of 
Glucosides. 


TERPENES  AND  CAMPHORS. 

This  group  consists  of  a  number  of  compounds,  containing  ten 
atoms  of  carbons  in  the  molecule.  The  terpenes  are  hydrocarbons, 
having  the  common  formula  G^qU^q,  and  possessing  very  similar  che- 
mical properties,  whilst  their  physical  properties  vary ;  the  different 
compounds  having  different  boiling-points,  specific  gravities,  &c. 
Their  odour  also  varies  much,  and  most  of  them  are  optically  active ; 
some  tarning  the  place  of  polarization  to  the  right,  others  to  the  left 
""""""^""^  ^of  this  physical  isomerism  is  not  yet  known. 


THE  CARBON  COMPOUNDS.  299 

The  camphors  contain  oxygen,  and  most  of  them  exhibit  the 
character  of  alcohols. 

Most  of  the  terpenes,  as  well  as  camphors,  exist  in  plants  as  essential 
or  volatile  ails. 


OIL  OF  TURPENTINE   C^^^Hig. 

All  the  trees  belonging  to  the  order  Conifer«e  contain  resins  and 
liquid  hydrocarbons ;  a  mixture  of  both  exudes  as  an  oleo-resinous 
juice  from  the  barks  of  these  trees,  and  is  called  turpentine.  When 
turpentine  is  distilled,  either  alone  or  with  water,  the  hydrocarbons 
volatilize,  and  resin  is  left  behind. 

Oil  of  turpentine  is  obtained  from  different  species  of  Pimis  and 
Abies;  it  is  a  limpid,  mobile  liquid,  with  the  specific  gravity  0.89, 
and  boiling  at  160°.  It  is  almost  insoluble  in  water,  but  readily 
dissolves  in  strong  alcohol  and  glacial  acetic  acid;  with  ether  and 
absolute  alcohol  it  mixes  in  any  proportion.  Oil  of  turpentine 
dissolves  sulphur,  phosphorus,  resins,  and  many  other  bodies  which 
are  insoluble  in  water.  It  readily  absorbs  oxygen,  converting  it  into 
ozone,  which  gradually  oxidizes  the  oil,  forming  resinous  products. 

The  oils  of  turpentine  of  different  origin  exhibit  considemble 
diversities  in  their  optical  properties.  The  French  oil  (from  Finns 
maritima)y  as  well  as  the  oils  from  Pimis  Larix  and  Abies  pectinaia, 
turn  the  plane  of  polarization  to  the  left,  whilst  English  turpentine- 
oil  (from  Pinus  australis)  turns  it  to  the  right. 

These  different  varieties  are  converted  into  new  optical  modifica- 
tions, by  repeated  distillation  or  by  the  action  of  acids.  It  also  appears 
that  the  oil  contained  in  the  plants  is  different  from  that  which  is 
obtained  by  distillation.  Thus,  on  distilling  the  young  branches  of 
the  pine  with  water,  an  oil  is  obtained  possessing  an  agreeable 
odour,  which  is  changed  into  that  of  the  common  oil  by  distilling  it 
over  potash. 

When  oil  of  turpentine  is  boiled  with  dilute  nitric  acid,  it  is 
oxidized  to  acetic  acid,  propionic  acid,  butpic  acid,  oxalic  acid,  terebio 
acid,  and  other  compounds.  Terehic  acid  C^Hj^jO^  crystallizes  in 
colourless  prisms,  and  is  resolved  by  heat  into  carbon  dioxide  and 
pyroterebic  acid  CgHj^Oj  (see  page  270). 

Terpin  or  Hydrate  of  Turpentine-oil  Cj^Hj^jOj  +  H.O. — Oil  of 
turpentine  slowly  combines  with  water,  forming  terpin  ;  this  combina- 
tion takes  place  more  quickly  if  an  acid  be  present.  To  prepare  this 
compound,  eight  volumes  of  the  oil  are  mixed  with  two  volumes  of 
weak  nitric  acid  and  one  volume  of  alcohol ;  the  mixture  is  exposed 
to  the  sunlight,  and  frequently  shaken.  Terpin  crystallizes  in  large 
rhombic  prisms,  melting  at  100**  with  loss  of  one  molecule  of  water ; 
the  anhydrous  compound  sublimes  at  150°  in  needles.  It  is  sparingly 
soluble  in  cold  water,  but  dissolves  freely  in  alcohol  and  in  boiling 
water. 
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Terpinol  G^^O  is  obtained  by  boiling  terpin  with  dilute 
hydrochloric  or  sulphuric  acids.  It  is  a  colourless  and  very  refractive 
oil,  smelling  like  hyacinths,  and  boiling  with  partial  decomposition 
at  168^ 

When  terpin  is  heated  with  alkalis  to  400^  it  is  converted  into 
terebentic  acid  CgHjoOg,  crystallizing  in  small  needles,  melting  at  90**, 
and  boiling  at  250°. 

Terpene  Monohydrochlm^ide  Ci^HiyCl. — When  hydrochloric  acid  gas 
is  passed  into  oil  of  turpentine,  two  isomeric  hydrochlorides  are 
produced.  One,  being  a  solid,  crystallizes  from  hot  alcohol  in  brilliant 
prisms,  melting  at  116°,  and  boiling  at  a  higher  temperature  with 
partial  decomposition.  This  body  has  a  strong  odour  resembling  that 
of  camphor ;  by  passing  its  vapour  over  quicklime  at  200°,  it  is 
resolved  into  hydrochloric  acid,  and  camphilene  G^qH^^  a  liquid  which 
is  optically  inactive. 

The  second  hydrochloride  is  a  liquid,  which  by  distillation  over 
quicklime  yields  optically  inactive  camphilene  Ci^jHjg.  The  liqnid 
compound  is  easily  oxidized  by  nitric  acid,  which  does  not  act  on  the 
solid  modification. 

Terpene  Dihydrochloride  Cj^HigClj  is  formed  when  oil  of  turpentine 
is  left  for  several  weeks  in  contact  with  fuming  hydrochloric  acid,  or 
when  the  gaseous  acid  is  passed  into  terpin  or  terpinol.  It  forms 
colourless  crystals,  and  yields  by  distillation  over  quicklime  a 
terpene,  smelling  like  rosemary. 

AH  these  different  t^rpenes  may  again  be  combined  with  hydro- 
chloric acid,  and  the  hydrochlorides  thus  formed  are  converted  into  new 
modifications  of  turpentine  oil  by  distilling  them  with  quicklime, 
but  all  yield  at  the  end  one  and  the  same  product,  called  terehene 
C\oHig.  The  same  body  is  produced  together  with  dieterebene  G^VL^, 
wlien  oil  of  turpentine  is  treated  with  boron  fluoride  or  strong 
sulphuric  acid.  Terebene  has  also  been  obtained  synthetically  from 
amylene  CgHj^^,  which  by  the  action  of  sulphuric  acid  is  converted 
into  diamylene  G^^^^  (p^^ge  234).  By  heating  diamylene  dibromide 
with  alcoholic  potash,  it  yields  rutylent  Cj^Hig,  and  the  dibromide  of 
this  hydi"Ocarbon  again  loses  hydrobromic  acid  by  the  action  of  potash, 
and  is  converted  into  terebene. 

Terebene  is  a  mobile  liquid,  boiling  at  156°,  and  smelling  like 
thyme ;  it  is  optically  inactive,  and  forms  with  hydrochloric  acid  a 
semi-hydrochloride  (CioH^JgClH. 

\\y  the  action  of  chlorine  on  oil  of  turpentine,  substitution- 
products  are  formed,  which  ai-e  but  little  known.  When  chlorine 
is  passed  over  the  solid  monohydrochloride,  a  yellow  liquid, 
Ci^jHjjCl^.HCl,  is  formed,  which  easily  splits  up  into  hydrochloric 
acid,  and  tctrachloroterpcne  Cj^^H^jCl^,  colourless  crystals  melting 
at  110°. 

When  bromine  is  added  to  well-cooled  oil  of  turpentine  or  terpine, 
terpene  dibromide  C^qK^qBt^  is  formed ;  it  is  a  heavy  oily  liquid,  and 
a  very  unstable  compound,  which  by  heating  it  with  aniline  to  180° 
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loses  hydrobromic   acid,  and   is  converted  into  cyniene  C^^Hi^,  an 
aromatic  hydrocarbon  occuiTing  in  several  volatile  oils. 

Iodine  acts  violently  on  oil  of  turpentine ;  when  a  large  quantity 
is  added  at  once,  an  explosive  reaction  takes  place,  and  the  liquid  - 
frequently  takes  fire ;  but  by  adding  the  iodine  only  gradually,  and 
then  heating  the  solution  for  some  time,  cymene  and  hydriodic  acid 
are  formed. 

This  transformation  of  oil  of  turpentine  into  cymene  explains  its 
constitution ;  cymene  is  methyl'i&opropyUbenzene  (see  Aromatic  Com- 
pounds), and  is  produced  by  abstracting  two  molecules  of  hydro- 
bromic acid  from  terpene  dibromide:  this  reaction  is  explained  by 
the  following  formulae : — 

Oil  of  Turpentine.  Terpene  Dibromide.  Cjniione, 

CII3  CH^  CH3 

CH  CH  C 

/\  /\  /X 

HC      CH  HC      CHBr  HC      CH 


II       il  II       I 


HC      CH  HC      CHBr  HC      CH 

\/  \/  \y. 

C  C  C 


H,0— CH— CH,  HsC— CH-CHg  H3C— CH— CH, 

Whether  teTe1}ene  has  the  same  constitution  as  oil  of  turpentine 
is  not  knoivn ;  but  supposing  it  was  so,  the  synthesis  of  this  hydro- 
carbon from  amylene  may  also  easily  be  explained : — 

Two  molecules  of  Amylene.  Terebene. 

CHo  CH, 


I 
CH  CH 

/\  /\ 

HC   CH,  HC   CH 


H 


I  II 


C 


CH,  HC   CH 


CH  CH 

I 


HjC— CH-  CH,         HjC-CH— CH, 


TERPENEB  FBOM  CITKUS  SPECIES. 


These  hydrocarbons  occur  chiefly  in  the  peels  of  the  fruit  of  these 
trees,  and  are  distinguished  by  their  fragrant  odour. 

Lemon-oil  from  the  fruit  of  Citrus  Limonum  consist8.'piincipaUy  of 
titrevse  Oj,Hi,,  boiling  at  170^  and  turning  the  plane  of  polarization 
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to  the  right.  Its  chemical  properties  are  very  similar  to  those  of 
turpentine  oil ;  it  yields  a  solid  hydrate,  and  crystalline  hydrochlorides. 
With  bromine  and  aniline  it  forms  cymene.  Similar  terpenes  exist 
in  the  ot&  of  orange-peel,  hergamot,  &c. 


TERPENES   FROM   OTHER  SOURCES. 

These  hydrocarbons  are  found  in  a  great  number  of  volatile  oils, 
some  of  them  consisting  only  of  terpens,  such  as  oils  of  lavender,  juniper, 
copaiba,  cubebs,  pepper,  elemi,  and  the  camphor-trees.  Others  are 
mixtures  of  terpenes  with  acids,  as  oil  of  valerian ;  or  with  aldehydes, 
as  oil  of  chamomile,  which  contains  angelicaldehyde.  A  great 
number  of  essential  oils  also  contain,  besides,  terpenes,  camphors, 
cymene,  or  other  aromatic  compounds. 


CAOUTCHOUC   AKD   GUTTA-PERCHA. 

CaotUchouc  or  India-rubber  is  the  dried  milky  juice  of  several 
tropical  trees  {Ficus  ekistica,  Jatropha  elastica,  Siphonia  Cahvjchu,  &c.). 
The  fresh  juice  has  an  acid  reaction;  on  mixing  it  with  water, 
caoutchouc  separates  gradually  out  as  a  white  curdy  precipitate, 
which  dries  up  to  a  gum-like  mass.  The  black  colour  of  the  com- 
mercial article  is  due  to  the  effect  of  smoke ;  it  may  be  purified  by 
dissolving  it  in  chloroform,  and  precipitating  the  clear  solution  with 
spirits  of  wine.  It  consists  chiefly  of  a  mixture  of  hydrocarbons, 
polymeric  with  the  terpenes.  It  is  insoluble  in  water  and  alcohol ; 
with  ether  or  petroleum  it  forms  a  gelatinous  mass,  and  partially 
dissolves.  It  is  completely  soluble  in  oil  of  turpentine,  benzene, 
chloroform,  and  carbon  disulphide.  When  cold  it  is  hard  and  tough ; 
on  heating  it  becomes  soft  and  elastic ;  and  at  a  temperature  above  . 
the  boiling-point  of  water  it  melts,  but  on  cooling  does  not  return  to 
the  original  state,  but  remains  soft  and  viscid. 

It  is  much  used  for  the  manufacture  of  waterproof  and  elastic 
fabrics,  for  elastic  tubing,  &c.,  and  is  a  most  valuable  substance  for 
the  chemists,  as  it  is  only  afiected  by  a  very  few  chemical  agents. 

Caoutchouc  combines  in  different  proportions  with  sulphur.  The 
so-called  viUcanized  India-rubber,  which  is  much  more  elastic  than 
common  caoutchouc,  is  obtained  by  mixing  the  latter  intimately 
with  sulphur  by  means  of  carbon  disulphide ;  it  contains  about  2 
to  3  per  cent,  of  sulphur.  By  mixing  it  with  about  half  its  weight 
of  sulphur,  it  is  converted  into  a  hard,  homy  mass,  called  "  Ebonite  " 
or  "Vulcanite,"  which  is  much  used  for  making  combs,  disks  for 
electric  machines,  &c. 

By  destructive  distillation,  caoutchouc  yields  an  oily  liquid,  con- 
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taining  Isqprapene  CgHg,  boiling  at  37"*,  and  caoutchene  Ci^Hj^  boiling 
at  171^ 

Gutta-percha  is  the  hardened  milky  juice  of  Isonandra  Outta,  a 
tree  growing  in  different  parts  of  India.  It  is  harder  and  less  elastic 
than  caoutchouc,  but  in  warm  water  it  becomes  quite  soft,  and  can 
then  be  formed  into  any  shape.  It  has  the  same  composition  as 
caoutchouc,  and  dissolves  in  the  same  solvents  as  the  latter*  By 
destructive  distillation,  it  yields  isopropene,  caoutchene,  and  a  heavy 
oil  called  heveene,  which  appears  to  be  polymeric  with  these  other 
hydrocarbons. 


CAMPHORS. 

Common  Camphor,  or  Japan  Camphor  Ci^HigO,  is  obtained  in  China, 
and  Japan  by  distilling  the  branches  and  leaves  of  Lauras  Campkora 
with  water.  It  is  a  colourless,  crystalline,  translucent  mass,  having 
a  powerful,  peculiar  odour  and  taste.  By  sublimation  it  may  be 
obtained  in  brilliant  crystals.  It  melts  at  175^  and  boils  at  204^ 
Camphor  is  only  sparingly  soluble  in  water,  but  freely  soluble  in 
alcohol  and  acetic  acid.  Small  pieces  thrown  on  water  move  about 
with  a  revolving  motion. 

When  camphor  is  heated  with  concentrated  hydriodic  acid,  several 
hydrocarbons  are  formed,  as  campholene  CgHj-,  a  liquid  boiling  at 
135°,  and  the  compounds  Ci^Hjg,  boiling  at  156  ,  and  G^^^,  By  the 
action  of  phosphoms  pentasulphide  on  camphor,  cymene  Ci^Hj^ 
(page  300)  is  formed : — 

5C,oH,,0  f  PA  =  5C,oHi,  +  PA  +  5SH, 

On  heating  a  solution  of  camphor  in  toluene  with  sodium,  two 
compounds,  called  sodium-camphor  Cj^Hj^NaO  and  sodium  camphylate 
CjoHiyNaO,  are  produced : — 

2C,oH,,0  -f  Na,  =  C,oH,,NaO  +  C.oH.^NaO 

By  the  action  of  methyl  iodide  on  this  mixture,  the  sodium  is 

CH  1 

replaced  by  methyl,  and   methyl-camphor  p  ti  *  f  0*  ^^^  camphyl- 

CH  )  10    18  J 

methyl  ether  p  tj  ^  [^  0   are   produced.      Ethyl    iodide    acts    in    an 

analogous  way ;  ethyl-camphor  is  a  liquid  boiling  at  230^ 

When  the  mixture  of  the  two  sodium-compounds  is  heated  in  a 
current  of  dry  carbon  dioxide  to  100^  the  sodium  salts  of  campho- 
carbonic  acid  Ci^HigCCOgH  and  of  horruoUcarlonic  acid  CiqHj^O.CO, 
are  formed.  On  dissolving  these  salts  in  water,  lactic  acid  is  de- 
composed, and  borneol  or  camphyl  alcohol  Ci^H^gO  separates  out : — 
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Hydrochloric  acid  precipitates  from  the  filtrate  camphocarbonic 
acid,  which  separates  from  hot  alcohol  in  colourless  crystals,  melting 
at  119*,  and  splitting  up  at  a  higher  temperature  into  carbon  dioxide 
and  camphor. 

Manochlorocamphor  C^oSi^filO  is  a  colourless,  crystalline  mass, 
which  has  been  obtained  by  the  action  of  hypochlorous  acid  upon 
camphor. 

Monobromocamphar  C^q'H.^^'RtO. — By  adding  bromine  to  a  solution 
of  camphor  in  chloroform,  cam/?/k?r  dihromide  CjoHjgOBrj  is  obtained 
in  colourless  crystals ;  it  is  a  very  unstable  compound,  and  readily 
resolves  into  hydrobromic  acid  and  monobromocamphor,  which  crys- 
tallizes in  colourless  prisms. 

Camphor  Nitrate  {G^^ifi)^2^b' — '^^^^  remarkable  compound  is 
produced  together  with  camphoric  acid,  when  camphor  is  boiled  for 
some  time  with  nitric  acid.  It  is  a  thick  oily  liquid,  having  a 
camphor-like  and  sour  smell ;  water  decomposes  it  into  nitric  acid 
and  camphor. 

Common  camphor  turns  the  plane  of  polarization  to  the  right ;  a 
compound  having  the  greatest  resemblance  to  it,  but  exerting  a  left- 
handed  rotatory  action,  is  contained  in  the  volatile  oil  of  Pyrethrum 
Parthenium,  from  which  it  is  deposited  at  a  low  temperature  as  a 
crystalline  mass. 

Other  isomerides  of  camphor  occur  in  the  volatile  oils  of  artemisia, 
absinthium,  mentha,  pulegiimi,  and  other  labiate  plants,  and  also  in 
the  blue  oils  of  chamomile  and  galbanum. 

Bomeol,  Borneo  Camphor,  or  Camphyl  Alcohol  Ci^H^gO,  is  found  in 
the  old  trunks  of  Dryohalaiwps  Camphora,  a  tree  growing  in  Borneo, 
Java,  and  Sumatra,  and  has  been  obtained  by  the  action  of  sodium  on 
common  camphor  (page  303),  and,  together  with  campholic  acid,  by 
heating  camphor  with  an  alcoholic  potash  solution. 

Bomeol  forms  small  transparent  crystals,  smelling  like  common 
camphor  and  pepper.  It  melts  at  198^  and  boils  at  212°.  Nitric 
acid  converts  it  into  common  camphor. 

Bomeol  is  a  monad  alcohol ;  on  heating  it  with  hydrochloric  acid, 
eamphyl  chloride  CjoHi^Cl  is  formed,  a  body  resembling  solid  terpene 
monohydrochloride. 

CH  1 

CamphyUmethyl  Ether  ^  H^f^' — ^^^  formation  of  this  com- 
pound from  common  camphor  has  already  been  described ;  it  is  a 
liquid  smelling  like  camphor,  and  boiling  at  194°-5. 

CHI 
Camphyl  Acetate  ^%r  q  f  0  is  obtained  by  the  action  of  acetic 

anhydride  upon  sodium  camphylate ;  it  is  a  colourless  liquid,  boiling 
at  230°,  and  possessing  a  camphor-like  odour. 

When  bomeol  is  heated  with  phosphorus  pentoxide,  it  is  resolved 
in  water,  and  Borveene  Ci^Hj^,  a  liquid  occurring  also  in  the  volatile 
oil  of  Laurus  Capiphora  and  oil  of  valerian.  By  leaving  it  in  contact 
with  potash  solution,  it  is  converted  again  into  borneoL 


THE  CARBON  OOMFOUNBS.  305 

LevO'homeol  is  found  in  the  fusel  oil  of  spirits  from  madder-root ; 
it  possesses  all  the  properties  of  borneol,  with  the  exception  that  it 
has  a  levo-rotatory  power,  whilst  borneol  turns  the  plane  of  polariza- 
tion to  the  right. 

Geraniol,  or  Oeranyl  Alcohol  CjqHjqO,  is  found  in  Indian  geranium 
oil.  It  is  a  strongly  refractive  liquicC  boiling  at  232°,  and  possessing 
a  very  agreeable  smell,  like  roses.  It  is  optically  inactive,  and  yielcfi 
on  oxidation  valerianic  acid. 

Oeranyl  Chloride  Ci^H^^Cl  is  obtained  by  heating  geraniol  with 
hydrochloric  acid.  It  is  a  yellowish  liquid,  with  an  aromatic  smell. 
By  acting  on  it  with  the  potassium  salts  of  valerianic,  benzoic  or 
cinnamic  acids,  the  geranyl-ethers  of  these  acids  have  been  produced. 
They  are  oily  liquids,  possessing  an  aromatic  odour. 

Digeranyl  Ether  .^^.j^*^  rO,  a  liquid  boiling  at  about  190*,  and 

smelling  like  peppermint,  is  formed  by  heating  geraniol  with  geranyl 
chloride. 

Oeranyl  Sulphide  p^^ir^^  V  S  is  obtained  by  acting  with  geranyl 

^10^17  ) 

chloride  on  an  alcoholic  solution  of  potassium  sulphide;  it  is  a 
yellow  liquid,  possessing  a  very  disagreeable  smelL 

When  geraniol  is  heated  with  zinc  chloride  or  with  phosphorus 
pentoxide,  it  is  resolved  into  water  and  Oeraniene  Cj^Hj^  a  Umpid, 
mobile  liquid,  boiling  at  163**,  and  smelling  like  carrots. 

Other  isomerides  of  borneol  exist  in  the  oil  of  cajeput,  and  of 
coriander. 

Menthol,  or  Menthyl  Alcohol  G^^^  O,  occurs  in  the  oil  of  pepper- 
mint. It  forms  colourless  prismatic  crystals,  smelling  strongly  like 
the  plant.     It  melts  at  36°,  and  boils  at  210°. 

Menthyl  Chloride  Ci^HjgCl  is  a  liquid  formed  by  heating  menthol 
with  hydrochloric  acid. 

When  menthol  is  heated  with  phosphorus  pentoxide,  Menthene 
CioHja  is  produced,  a  liquid  boiling  at  163°. 

Eucalyptol  C^Hg^O  is  contained  in  the  leaves  of  JSucalypttcs  globulus, 
a  tree  growing  in  Tasmania.  It  is  a  colourless  liquid,  boiling  at  175°, 
and  possessing  an  aromatic  smell.  By  distilling  it  with  phosphorus 
pentoxide,  it  is  decomposed  into  water,  and  EucalypteiM  C^jH^g,  a 
liquid  boiling  at  165°. 

Patchoidi  Oil. — This  substance  is  a  mixture  of  two  isomeric  sub- 
stances having  the  composition  CjgHjgO.  One  of  them,  called 
patchouli'camphor,  crystallizes  from  the  oil  on  standing  in  hexagonal 
prisms,  melting  at  55°,  and  boiling  at  296°.  On  distilling  it,  or  the 
liquid  portion  of  the  oil,  with  zinc  chloride,  Patchoulene  CigHg^  a 
liquid  boiling  at  250°,  is  formed. 
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OXIDATION-PRODUCTS  OF  CAMPHORS. 

Campholic  Acid  CioH^gOg. — This  monobasic  acid  is  formed  by 
heating  camphor  with  potash-lime  to  400°,  and,  together  with 
borneol,  when  potassium  is  added  to  a  solution  of  petroleum,  at  130°. 
It  is  but  sparingly  soluble  in  water ;  from  alcohol  it  crystallizes  in 
prisms  melting  at  95°,  and  volatilizing  without  decomposition.  When 
pampholic  acid  is  heated  with  phosphorus  pentoxide,  or  when  a 
campholate  is  subjected  to  dry  distillation,  campholene  C^Hj^  is 
produced,  a  liquid  boiling  at  130° 

(  CO  OH 
Dextrocamphoric  Add  CjgHj^  -j  p(^  qtx  is  produced  by  the  action  of 

boiling  nitric  acid  on  camphor  or  campholic  acid.  It  is  sparingly 
soluble  in  cold  water,  more  freely  in  boiling  water,  and  forms  scaly 
crystals,  having  a  faint  acid  taste,  and  melting  at  175°.  On  distilla- 
tion, it  splits  up  into  water,  di,TiA,  camphoric  anhydride  C^gHi^  -j  ^^  >  O, 

which  sublimes  in  long,  brilliant  needles,  melting  at  217°.  When 
camphoric  acid  is  fused  with  potash,  it  yields  volatile  fatty  acids  and 
pinielic  add  C^K^fi^  (see  page  236). 

Caldum  Campharate  C8Hj^(C02)2Ca  +  SKfi  is  readily  soluble  in 
water,  and  forms  large  crystals.  When  it  is  heated  it  is  resolved  into 
calcium  carbonate  and  phorone  C^H^^O,  a  liquid  boiling  at  208°,  and 
yielding,  by  treatment  with  chromic  acid-solution,  carbon  dioxide, 
acetic  acid,  and  adipic  add  CAI^qO^  (see  page  235). 

Levocamphoric  add  has  oeen  obtained  from  the  camphor  of 
Pyrethrum  Parth^nium ;  it  differs  from  common  camphoric  acid  by 
having  a  left-handed  polarization ;  both  active  acids  combine,  forming 
an  inactive  acid,  corresponding  to  racemic  acid. 

{CO  OH 
CO  OH  ^   ^^  oxidation-product   of 

camphoric  acid,  and  may  be  isolated  from  the  mother  liquors  obtained 

in  the  preparation  of  the  latter  compound.     It  is  readily  soluble  in 

water,  crystallizing,  with  one  molecule  of  water,  in  small  needles  or 

shining  prisms,  possessing  a  rancid  and  strongly  sour  taste.     The 

anhydrous  acid  melts  at  115°,  and  distils  at  a  higher  temperature 

without  decomposition.     Although  a  bibasic  acid,  it  forms  also  salts 

containing  three  equivalents  of  a  metal,  resembling  in  that  respect 

deoxalic  acid  (page  240). 

f  CO  OH 
Oxycamphoronic  Add  C^HioOj-!  qqqtt  is   obtained  by  heating 

crystallized  camphoronic  acid  with  bromine  in  sealed  tubes  to 
130°  :— 

C9H12O6  -h  HgO  -h  Brg  =  C^HijOg  -I-  2HBr 

It  is  freely  soluble  in  water,  and  crystallizes  on  slowly  evaporating 
the  solution  in  splendid  monoclinic  prisms,  containing  one  molecule 
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of  water.  The  anhydrous  acid  melts  at  210°,  and  may  be  distDled 
without  decomposition. 

On  fusing  camphoronic  or  oxycamphoronic  acid  with  caustic 
potash,  butyric  acid  and  carbon  dioxide  are  produced. 

Camphor  and  its  derivatives  are  nearly  allied  to  the  aromatic 
compounds ;  for,  by  simply  abstracting  the  elements  of  water  from 
camphor,  we  obtain  cymene  or  methyl-isopropyl  benzene  (page  301). 
The  constitution  of  camphor  and  some  of  its  derivatives  can  be  ex- 
plained by  assuming  the  following  formulae : — 


Camphor. 

Borneo!. 

CgHy 

CH 

GH 

HG      CH 

/\ 
HG      CH.OH 
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HG      GH 
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BE81NS. 

The  terpenes,  when  exposed  to  the  air,  undergo  gradually  oxidation, 
become  more  and  more  viscid,  and  exhibit  an  acid  reaction ;  and 
at  last  are  converted  into  a  brittle,  amorphous  substance.  Such 
products  are  found  in  nature,  either  mixed  with  non-oxidized  hydro- 
carbons, being  called  balsams,  whilst  the  solid  and  brittle  products 
of  oxidation  of  the  terpenes  are  called  resins. 

The  resins  are  mixtures  of  weak  acids ;  they  dissolve  in  alkalis, 
fonning  a  kind  of  soap. 

Common  Resin,  or  Colophony ,  is  left  behind  bv  distilling  turpentine 

X  2 
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with  water.  By  exhausting  it  with  cold  alcohol,  sylvic  acid  C^H-^0, 
goes  in  solution,  which  on  evaporation  crystallizes  in  flat  needles^ 
melting  at  129°,  and  solidifying  to  an  amorphous  mass.  It  is 
a  monobasic  acid,  forming  soluble  and  crystallized  salts  with  the 
alkaU-metals,  whilst  those  of  the  other  metals  are  insoluble.  Besides 
sylvic  acid,  colophony  contains  the  isomeric  but  amorphous  pinic 
acid. 

A  third  isomeride,  called  pimaric  acid,  exists  in  galipot,  the  resin 
of  Pinris  maritima.  It  forms  crystals  melting  at  149°,  and  is  con- 
verted into  sylvic  acid  by  distilling  it  in  vacno. 

Gopaibic  Acid  C^oHj^jOg  occurs  together  with  a  diterpene  G^^^ 
and  sylvic  acid  in  copaiba  balsam ;  it  crystallizes  from  alcohol  in 
transparent  prisms.     • 

Guaiaretic  Acid  C^^^O.  is  a  chief  constituent  of  guaiacum,  and 
crystallizes  in  colourless  brittle  needles,  melting  at  77**.  Besides  this 
compound,  guaiacum  contains  other  resinous  substances,  and  guaiacic 
add  C^HgOj,  which  is  soluble  in  water,  and  sublimes  on  heating. 
When  a  solution  of  guaiacum  in  presence  of  an  alkali  is  acted  upon 
by  ozone,  nitrous  fumes,  chromic  acid,  ferric  chloride,  chlorine,  and 
other  oxidizing  agents,  it  assumes  a  fine  blue  colour. 

When  guaiacum  is  subjected  to  dry  distillation,  it  yields  guaiacent 
CjHgO,  a  liquid  smelling  like  bitter  almonds,  and  guaia4X)l  and  creosol, 
compounds  belonging  to  the  aromatic  group. 

Amber. — This  fossil  resin  occurs  on  the  shores  of  the  Baltic,  either 
in  the  sea  or  in  the  sand,  and  has  also  been  found  together  with 
lignite  or  brown-coaL  It  is  an  amorphous,  brittle  mass,  having 
a  yellowish  or  brown  colour;  on  heating,  it  melts  at  about  280, 
giving  off  an  aromatic  vapour.  It  contains  free  succinic  acid,  a  resin 
soluble  in  alcohol,  and  amber-bitumen,  a  substance  insoluble  in  all 
solventB. 

Besides  these  resins,  there  exist  a  great  many  more,  most  of  which 
are  used  for  making  varnishes  and  for  other  purposes ;  but  they  have 
been  very  little  examined.  Many  of  them  contain  aromatic  compounds, 
or  yield  such  on  fusion  with  caustic  potash.  These  will  be  mentioned 
again  when  these  bodies  are  described. 


AROMATIC  COMPOUNDS. 

This  large  group  has  obtained  its  name  from  the  fact  that  many  of 
its  members  occur  in  essential  oils,  bcdsams,  gum-resins,  and  similar 
bodies,  possessing  an  aromatic  odour. 

All  aromatic  compounds  contain  at  least  six  atoms  of  carbon ;  they 
contain  a  common  nucleus,  in  which  the  six  carbon  atoms  are  linked 
together  in  such  a  way  that  six  combining  units  remain  unsaturated. 
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The  carbon  atoms  forming  the  aromatic  nucleus  are  united  together 
by  one  and  two  combining  units  alternately,  thus  : — 


II       r 


The  most  simple  aromatic  hydrocarbon  is  benzene  C^H^  and  all 
other  compounds  belonging  to  the  group  are  derived  from  it  by 
replacing  hydrogen  by  other  elements  or  radicals. 

When  one  atom  of  hydrogen  is  replaced  by  chlorine,  we  obtain 
chlorobenzene  C^HgCl  (formerly  called  phenyl  chloride  ^)  a  body  differ- 
ing from  the  chlorides  of  the  alcohol  radical  by  being  a  much  more 
stable  compound,  and  not  undergoing  double  decomposition  with 
silver  salts,  hot  alcoholic  potash,  or  ammonia.  Other  aromatic  com- 
pounds containing  chlorine,  or  other  halogen-elements  combined  with 
the  aromatic  nucleus,  show  a  similar  behaviour;  the  chlorine,  &c., 
being  much  more  firmly  combined  with  the  carbon  than  in  the 
haloid  compounds  of  other  radicals. 

The  action  of  concentrated  nitric  acid  on  aromatic  compounds  is 
very  characteristic ;  they  are  converted  into  nitro-compounds,  such  as 
nitrobenaene  C^HJNOg,  nitrochlorobenzene  C^H^Cl.NOj,  &c  Beducing 
agents  convert  t-hese  nitro-compounds  into  amidO'Campounds ;  thus 
nitrobenzene  yields  with  nascent  hydrogen,  amidobenzem  or  aniline 
CgHc.NHg;  the  constitution  of  these  nitro-compoimds  is,  therefore, 
similar  to  that  of  nitro-ethane  C2H5.NO2  (see  page  113). 

Nitro-ethane.  Nitrobenzene. 

Ethylamine.  Aniline. 

The  aromatic  amido-compounds  combine  with  acids  like  the  amines, 
and  are  acted  upon  by  the  iodides  of  the  alcohol  radicals  like  the 
latter,  forming  compounds  such  as : — 

Ethyl-amidobenzene.  Diethyl-amidobonzene. 

The  latter  compound  combines  with  elJbyl  iodide,  iormxn!g  phenyU 
iriethylammonium  iodide  '^\C^JiSiJEi^^  9^  crystallized  sal^  which^ 

^  Phenyl  is  the  name  giyen  to  the  monad  group  C^^. 
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when  acted  upon  by  silver  oxide  and  water,  yields  the  corresponding 
strongly  alkaline  and  caustic  hydroxide. 

Whilst  in  these  reactions  the  amido- compounds  show  the  greatest 
resemblance  to  the  compound  ammonias,  they  dififer  from  the  latter 
in  several  respects;  thus  they  have  no  alkaline  reaction,  and  no 
ammoniacal  smell. 

Concentrated  sulphuric  acid*acts  on  aromatic  bodies  in  a  similar 
way  to  nitric  acid  ;  one  atom  of  hydrogen  combined  with  the  aromatic 
nucleus  being  replaced  by  the  monad  group  SO2.OH,  a  sulpho-acid  is 
formed ;  benzene  yielding  benzenesulphonic  acid  CQH5.SO2.OH. 

When  this  acid  is  fused  with  potash,  the  group  SO^H  is  replaced 
by  hydroxyl,  and  phenol  is  formed  : — 

CeHg.SOaK  +  KOH  =  SO3K2  +  CeH,.OH 

The  phenols  were  formerly  regarded  as  alcohols,  but  they  differ 
from  the  latter  compounds  in  many  respects.  By  oxidizing  agents 
they  are  not  very  readily  attacked,  and  yield  neither  aldehydes  nor 
ketones  or  acids.  They  have  the  character  of  weak  acids ;  the'hydro- 
gen  of  the  hydroxyl  being  much  more  readily  replaced  by  a  metal  than 
this  is  the  case  in  the  true  alcohols. 

Thus  ethyl  alcohol  is  not  acted  upon  by  potash,  which  with  phenol 
readily  forms  water,  and  potassium  phenate  C^Hg.OK. 

Another  characteristic  difference  between  alcohols  and  phenols  is 
found  in  the  action  of  concentrated  acids.  Hydrochloric  acid  and 
alcohol  yield  ethyl  chloride,  but  phenol  is  not  acted  upon  by  this  acid 
at  all.  Whilst  alcohol  is  converted  by  strong  nitric  acid  into  ethyl 
nitrate,  and  by  sulphuric  acid  into  ethyl  sulphuric  acid,  the  phenols 
yield  substitution-products,  such  as  nitrophenol  CgH^(N02)0H,  and 

phenolsulphonic  acid  C^H^  j  orf     ' — 

C,H,.OH  +  SO,  I  gg  =  SO,  I  g^^^  +  H,0 

C.H,0H  +  SO,  {  %l  =  SO,  {  0|^  OH  +  H,0 

The  phenols  are  easily  reduced  again  to  the  corresponding  hydro- 
carbons by  passing  their  vapour  over  red-hot  zinc-dust : — 

C^H^.OH  -h  Zn  =  CgHg  +  ZnO 

When  amines  or  amides  are  acted  upon  by  nitrous  acid,  the  group 
NHg  is  replaced  by  OH ;  by  the  same  reaction,  aromatic  amido- 
compounds  may  be  converted  into  phenols;  the  reaction,  however, 
takes  place  in  two  stages.  Thus,  by  treating  aniline  nitrate  with 
nitrous  acid,  Diazobenzene  nitrate  is  formed : — 

C,H,.NH2.HN03  -h  HNOj  =  C^H^N^NO,  -h  2HjO 
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These  diazo-compounds  are  very  unstable  bodies,  and  the  diflferent 
transformations  which  they  undergo  are  of  great  interest,  as  by 
means  of  tliem  a  very  great  number  of  derivatives  can  be  obtained. 
Thus,  on  boiling  a  diazo-compound  with  water,  a  phenol  is  formed : — 

CeH^N^-NO.,  +  HgO  =  C«H,.OH  -f  N,  +  HNO3 

By  using  absolute  alcohol  instead  of  water,  the  group  Ng  is  replaced 
by  hydrogen,  the  alcohol  being  oxidized  to  aldehyde;  thus,  on 
treating  the  acid  sulphate  of  diazobenzene  in  this  way,  we  obtain 
benzene ; — 

By  acting  on  a  diazo-compound  with  strong  acids,  the  latter  take 
part  in  the  reaction ;  by  treating  diazobenzene  nitrate  with  nitric 
acid,  different  nitrophenols  are  formed,  whilst  hydriodic  acid  converts 
it  into  iodobenzene : — 

C,II,.N2.N03  -f  HI  =  CeH.I  +  N,  -f  HNO3 

Tlie  diazo-compounds  contain  the  dyad  group  Ng,  the  two  nitrogen- 
atoms  being  linked  together  by  two  combining  units  of  each ;  diazo- 
benzene is  therefore  a  monad  radical,  having  the  following  con- 
stitution : — 

By  the  action  of  oxidizing  agents  on  amido-compounds,  or  by  that 
of  weak  reducing  agents  upon  nitro-compounds,  a  class  of  bodies  is 
obtained  called  azO'Covipaiinds,  in  which  two  aromatic  nuclei  are 
linked  together  by  nitrogen : — 


Amidobcnzcnt'. 

Azobenzene. 

C,H5.NH, 

0,H,.N 

+  0, 

+  2H,0 

CeH,.iJll, 

C,H,.N 

The  aromatic  compounds,  containing  more  than  six  atoms  of  carbon, 
are  formed  by  replacing  hydrogen  in  benzene  or  its  substitution- 
products  by  organic  radicals.  Thus  the  most  simple  homologue  of 
benzene  is  Methyl-benzene  or  Toluene  C^H^.CHj,  a  hydrocarbon  which 
in  its  chemical  properties  exhibits  a  close  analogy  to  benzene,  yield- 
ing readily  substitution-products  with  chlorine,  nitric  acid,  sulphuric 
acid,  &c.  These  compounds  have  the  greatest  analogy  with  the 
benzene  derivatives  when  the  substitutions  have  taken  place  in  the 
aromatic  nucleus.  But  the  hydrogen  of  the  methyl  can  also  be 
replaced  by  other  elements  and  radicals ;  and  thus  compounds  are 
formed,  which  have  the  closest  resemblance  in  their  chemical  properties 
with  the  derivatives  of  marsh-gas.  By  replacing  one  atom  of  hydrogen 
in  the  methyl  of  toluene,  a  series  of  compounds  is  obtained  containing 
the  alcohol-radical  Benzyl : — 
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TOLUENE,    METHYL- BENZENE   OR  PHENYL-METHANE. 


Monochlorotoluene. 


'8 


Cresol  or  Methyl -phenoL 

^«**4  \  CH, 


'8 


Nitrotoloene. 
•^o^*  t  CH 


8 


Benzyl  Chloride. 

CeHg.CHgCl 

Benzyl  Alcohol. 
CQH5.CH2.OH 

Benzyl  Nitrite. 

Benzylamine. 

Benzykalphnrie  Acid. 

C,Hs.CHj.SO^H 

Benzaldehyde. 

C,H,.COH 

Benzoic  Aoid. 
CgH5.CO.OH 

The  number  of  aromatic  compounds  is  very  large,  and  amongst 
them  a  gi'eat  number  of  isomerides  occur.  Thus  we  have  the 
following  isomeric  hydrocarbons : — 


Amidotolnene. 


8 


CresoUnlphonic  Acid. 

OH 


CgH, 


SOH 
CHj 


Dimethyl-benzene. 


CgHio 


'8 


lEthyl-benzene. 
CeHg.CjHj 


C9H12 


Trimethyl-benzene. 


Methyl-ethyl-benzene. 


Propyl-bencene. 

CeH5.CgHy 


But  these  formulae  do  not  exhaust  the  number  of  isomerides,  as 
isomerism  in  the  aromatic  group  can  also  be  caused  by  the  different 
relative  positions  of  elements  or  radicals  combined  with  the  nucleus. 
Thus  we  find  that  dimethyl-benzene  exists  in  three  different  forms, 
the  cause  of  it  being  the  different  positions  of  the  two  methyls. 

If  we  represent  the  aromatic  nucleus  as  an  hexagon,  and  number 
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the  comers  where  the  carbon-atonis  are  supposed  to  be,  we  see  at 
once  that  three  isomeric  dimethyl-benzenes  may  exist : — 


5 


4 


The  methyl  groups  having  the  following  positions : — 

1  :2 
1:3 
1  :4 

No  further  different  positions  of  the  two  methyls  are  possible,  for 
1  :  5  -  1  :  3  and  1  :  6  =  1  :  2. 

The    hydrocarbon    CgHj,,  which  we  have  represented  in  three, 
isomeric  forms,  can  exist  in  eight  different  modifications.    There  are, 
first  of  all,  three  trimethyl-benzenes : — 

1:2:3 
1:2:4 
1:2:5 

Further,  there  can  exist  three  methyl-ethyl-benzenes  and  two 
propyl-benzenes,  one  containing  normal  propyl,  and  the  other 
isopropyl. 

As  the  isomeric  aromatic  hydrocarbons  have  generally  a  great 
resemblance  in  their  physical  properties,  it  is  of  the  greatest  import- 
ance to  have  means  for  distinguishing  them  from  each  other.  This 
can  easily  be  done  by  studying  their  products  of  oxidations. 

By  heating  an  aromatic  hydrocarbon  with  very  dilute  nitric  acid, 
one  of  the  alcohol  radicals  is  first  oxidized  to  carboxyl ;  methyl- 
benzene,  ethyl-benzene,  amyl-benzene,  &c.,  yielding  benzoic  acid. 
The  formation  of  this  acid,  therefore,  proves  the  existence  of  only  one 
alcohol  radical  in  an  aromatic  hydrocarbon. 

The  three  methyl-benzenes  as  well  as  ethyl-methyl-benzene  yield 

isomenc  mdhyl'lenzoic  ctcids  C^H^-j  pQ?^Ti,anddiethyl-benzene  yields 

as  first  product  of  oxidation,  ethyl-benzoic  acid  C^H  -<  n^A jj.  Besides 

these  monobasic  acids,  there  is,  at  the  same  time,  a  bibasic  acid 

(  CO  OH 
CgH^  1  CO  OH  ^^"^®^'  which  is  obtained  in  larger  quantity  by  using 

stronger  oxidizing  agents,  such  as  a  solution  of  potassium  dichromate 
in  dilute  sulphuric  acid.  This  bibasic  acid  exists  of  course,  also,  in 
three  isomeric  modifications,  differing  from  each  other  by  their  physical 
properties,  as  well  as  those  of  their  salts.  In  the  same  way,  a  hydro- 
carbon containing  three  alcohol-radicals  will  yield  by  successive 
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oxidation  a  monobasic,  a  bibasic,  and  a  tribasic  acid,  one  alcohol- 
radical  after  the  other  being  oxidized  to  carboxyl. 

But  we  are  not  only  able  thus  to  fix  the  number  of  the  alcohol- 
radicals,  but  in  many  cases  we  are  in  a  position  to  determine  the 
relative  positions  of  thede  radicals,  as  well  as  that  of  other  groups 
replacing  hydrogen  in  benzene,  as  the  following  examples  will 
show  : — 


PH    (OH 

^6^4  I  OH 

CaH*  I  OH 


1  2 

Hydroquinone. 


4 

1,3. 
Pyrocatechin. 


1.4. 

Eesorcin. 


Ortho-iodophenol.     Meta-iodophenol.    Para-oidophenol. 


CgH^  ]  Qo  OH  ^^^^^y^^^  ^^^^• 


Oxy benzoic  Acid. 


^.H^gS' 


Orthoxylene.  Tsoxylene. 


3 


Paraoxy  benzoic 
Acid. 

Methyl-toluene. 

Terephthalic 
Acid. 


^6^4  {  CO  OH  Pl^thalic  Acid.       Isophthalic  Acid. 

In  phthalic  acid,  the  two  carboxyls  occupy  the  positions  1,  2.  This 
we  know  from  the  fact  that  this  acid  is  obtained  by  the  oxidation 
of  naphthalene  Cij^Hg,  a  hydrocarbon  of  known  constitution,  and  in 
which,  as  will  be  shown  further  on,  two  carbon-atoms  are  linked  to 
two  adjoining  atoms  of  the  aromatic  nucleus. 

Isophthalic  acid,  belonging  to  the  series  1,  3,  is  obtained  by 
oxidizing  isoxylene ;  this  hydrocarbon  has  been  prepared  firom  mesi- 
tylene  or  trimethyl-beiizene,  in  which  the  three  methyls  have  the 
symmetrical  positions  1,  3,  5.  This  follows  from  the  formation 
of  mesitylene,  which  is  obtained  by  heating  acetone  with  sulphuric 
acid  (page  153),  three  molecules  losing  three  molecules  of  water,  and 
the  residues  joining  together  thus  : — 


/ 

CO 

/ 
CH. 


CH3 


CH, 


CH, 

\ 

CO 

\ 


=  3H,0  + 


2' 


C=CH 

/        \ 

HC  C 

CH3— C— CH    CH3 

On  oxidizing  mesitylene,  we  obtain  monobasic  mesitylenic  acid 
CO.OH 

which,  when  heated  with  quicklime,  is  resolved  into 


CH3— CO— CH3     CHj 
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carbon  dioxide  and  isoxylene.  From  this  it  follows  that  in  isoxylene, 
as  well  as  in  isophthalic  acid,  the  two  radicals  have  the  positions  1,  3 
(=  1,  5  or  3,  5). 

Isophthalic  acid  is  also  produced  by  heating  a  mixture  of  the 
potassium  salts  of  formic  acid  and  sulphobenzoic  acid : — 

CeH.  {  cS^K  +  CO3KH  =  C,H,  {  gO.K  ^  SO3KH 

Now,  as  on  fusing  sulphobenzoic  acid  with  potash  we  obtain 
oxybenzoic  acid,  it  is  obvious  that  the  latter  is  also  a  member  of  the 
second  series. 

We  know  now  the  constitution  of  phthalic  acid  and  isophthalic 
acid,  and  therefore  also  that  of  terephthalic  acid,  in  which  the  car- 
boxyls  occupy  the  positions  1,4;  and  as  methyl-toluene  yields  on 
oxidation  terephthalic  acid,  the  methyl-groups  in  this  hydrocarbon 
have  the  same  position. 

Methyl-toluene  is  obtained  from  parabrometoluene,  which  on 
oxidation  yields  parabromobenzoic  acid;  and  on  fusing  the  latter 
compound  with  caustic  potash,  it  is  converted  into  para-oxybenzoic 
acid. 

When  the  potassium  salt  of  benzenedisulphonic  acid  is  heated 
with  potassium  cyanide,  the  nitrile  of  terephthalic  acid  is  produced ; 
and  by  fusing  benzenedisulphonic  acid  with  caustic  potash,  resorcin 
is  formed ;  the  latter  compound  is  also  obtained  by  the  action  of 
caustic  potash  on  para-iodophenol. 

Thus  the  constitution  of  all  the  members  of  the  fourth  series  is 

perfectly  made  out,  and  consequently,  also,  that  of  oi-thoxylene  and  of 

salicylic  acid ;  moreover,  the  latter  acid  readily  splits  up  into  water 

f  CO 
and  salicylic  anhydride  C^H^  i  n   '^  whilst  its  isomerides  are  much 

more  stable ;  and  from  this  it  also  appears  very  probable  that  the  two 
side-chains  of  salicylic  acid  are  as  near  together  as  possible. 

HydroquLinone  differs  from  its  isomerides  by  readily  losing  two 
atoms  of  hydrogen,  when  treated  with  oxidizing  agents,  and  yielding 
quinone  CgH^Og,  which  by  nascent  hydrogen  is  very  easily  recon- 
verted into  hydroquinone. 

The  constitution  of  quinone  may  be  expressed  by  one  of  the 
following  formulae : — 

CO=CH— CH-  CH— CH— CO 

HC  HC 

/^  //\ 

HC     C=0  HC     C— 0 

II  I      II      I 

HC     C=0  HC     C— () 

\/  \./ 

HC  HC 
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The  first  formula  is  very  improbable,  for  we  cannot  assume  that 
the  closed  chain  of  carbon-atoms  would  be  so  readily  broken  by 
oxidation  and  closed  again  by  reduction.  The  second  formula  has 
also  to  be  rejected,  because  a  compound  having  this  constitution 
would,  with  nascent  hydrogen,  yield  CgHg(0H)2,  just  as  acetone  gives 
secondary  propyl  alcohol.  Moreover,  when  tetrachloroquinone 
CgCl^Oj  is  treated  with  phosphorus  pentachloride,  it  is  not  converted 
into  CgUlg,  which  compound  would  have  been  found  if  quinone  con- 
tained the  oxygen  combined.,  as  shown  in  the  second  formula ;  but  the 
product  consists  of  hexachlorobenzene  C^Cl^.  Quinone  must  there- 
fore contain  the  dyad  group  q^-  Now,  as  the  two  isomerides  of 

hydroquinone  do  not  yield  by  oxidation  a  quinone,  the  oxygen- 
atoms  must  occupy  such  a  position  that  they  can  easily  combine 
with  each  other ;  and  this  will  most  readily  take  place  if  they  are 
close  together  as  possible,  or  occupy  the  positions  1,  2.  Hydroqui- 
none is  obtained  by  fusing  ortho-iodophenol  with  caustic  potash,  and 
consequently  this  body  belongs  to  the  first  group,  and  meta-iodophenol 
and  pyrocatechin  to  the  series  1,  3. 

Although  the  aromatic  hydrocarbons  and  their  substitution-pro- 
ducts behave  in  most  of  their  reactions  like  saturated  compounds, 
yet  under  certain  conditions  they  can  be  made  to  combine  directly 
with  other  elements,  like  the  defines  and  other  non-saturated 
compounds. 

These  additive  products  still  contain  a  closed  chain  of  six  carbon- 
atoms  ;  the  connection  between  them  become  only  loosened.  From 
this  it  follows  that  no  more  than  six  monad  groups  can  be  added  to 
an  aromatic  compound,^  and  experience  has  proved  the  truth  of  this 
conclusion.  Thus  benzene  can  combine  with  one,  two,  or  three 
molecules  of  chlorine,  or  three  molecules  of  hypochlorous  acid, 
forming  the  following  compounds : — 

Benzene  Dichloride CgHgCl^ 

Benzene  Tetrachloride C^H^Cl^ 

Benzene  Hexachloride      ....  CgH^Cl^ 

Benzene  Trichlorhydrate  ....  C^HeC^(OH), 

These  compounds  are  much  less  stable  than  the  products  of  substi- 
tution, and  are  again  readily  converted  into  compounds  in  which  the 
carbon-atoms  are  linked  together  in  the  same  manner  as  in  benzene 
itsel£ 

Thus,  on  treating  the  hexachloride  with  an  alcoholic  potash-solution 
it  is  resolved  into  three  molecules  of  hydrochloric  acid  and  one  of  tri- 
chloro-benzene.  In  these  reactions  benzene  behaves  exactly  like  ethene, 
which  combines  with  chlorine  to  ethene  dichloride — a  body  in  which 
the  two  carbon-atoms  are  linked  together  by  one  combining  unit  of 

^  Excepting,  of  oonne^  thoat  aromatio  compounds  which  contain  non-satoratcd  radical! 
as  aido-chains. 
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each.  By  the  action  of  alcoholic  potash,  hydrochloric  acid  is  taken 
out,  and  chlorethene  CgHjCl  is  formed,  in  which  the  carbon-atoms 
are  again  linked  together,  as  in  ethene. 

Hydrogen  can  also  combine  with  aromatic  hydrocarbons,  but  only 
with  those  containing  alcohol-radicals.  The  number  of  atoms  of 
hydrogen  combining  with  the  hydrocarbon  appears  to  depend,  not 
only  on  the  number  of  these  radicals,  but  also  on  the  relative 
positions. 

To  obtain  these  additive  products,  the  hydrocarbon  is  heated  in 
sealed  tubes  with  phosphonium  iodide  (a  compound  of  hydriodic  acid 
with  hydrogen  phosphide).  The  hydriodic  acid  is  the  reducing  agent, 
being  decomposed  into  hydrogen  and  iodine,  which  latter  is  imme- 
diately acted  upon  by  the  hydrogen  phosphide,  and  again  converted 
into  hydriodic  acid ;  this  change  going  on  until  at  last  only  phos- 
phorus iodide  and  red  phosphorus  are  left  behind. 

By  subjecting  benzene  to  this  reaction,  it  is  not  changed  even  at 
350°.  Methyl-benzene  combines  with  two  atoms  of  hydrogen, 
and  forms  the  hydrocarbon  GgHy.CHj.    Dimethyl-benzene  takes  up 

J  OH 
^ ^ ,  w.  «^«*^,^^.-,  j^ ^  wg^-g  J  qtt',  and  trimethyl-benzene 

combines  with  six   atoms    of   hydrogen,    forming  the    compound 

fCH, 
CgHj-c  CH,. 

There  exist  also  aromatic  acids  which  will  combine  with  hydrogen 
in  the  nascent  state. 


COMPOUNDS   WITH    SIX    ATOMS    OF    CARBON. 


BENZENE  CgHg. 

Benzene,  or  Benzol,  is  a  colourless,  strongly  refractive,  and  mobile 
liquid,  boUing  at  81"*,  and  solidifying  at  0®,  to  colourless  crystals.  It 
has  a  density  of  0-899  at  0^  and  of  0878  at  20^  and  a  peculiar 
aromatic  odour.  It  is  very  inflammable,  burning  with  a  very  lumi- 
nous and  very  smoky  flam^.  It  is  almost  insoluble  in  water,  but 
dissolves  freely  in  alcohol  and  ether.  It  dissolves  iodine,  sulphur, 
phosphorus,  fats,  resins,  and  many  other  compounds,  which  are 
insoluble  or  only  sparingly  soluble  in  water  and  alcohol ;  and  hence 
it  is  used  for  preparing  or  purifying  many  compounds. 

Benzene  has  been  produced  artificially  from  its  elements.  When 
acetylene,  which,  as  we  have  seen  (page  274),  may  be  formed  by  the 
direct  combination  of  carbon  with  hydrogen,  is  heated  in  a  long, 
narrow,  bent  bell-jar  to  a  temperature  at  which  the  glass  begins  to 
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soften,  it  is  converted  into  polymeric  modifications,  the  principal  of 
which  is  Tri-acetylene  or  Benzene : — 

HC  CH  HC— CH 

ffG  CH    =   HC     CH 

\   / 
HC=CH  HC=CH 

Benzene  is  also  formed  in  the  dry  distillation  of  many  organic 
substances,  and  is  contained  in  considerable  quantity  in  coal-naphtha 
(the  more  volatile  portion  of  coal-tar),  from  which  it  is  now 
almost  always  prepared.  The  oil,  after  treatment  with  sulphuric  acid 
and  caustic  soda,  is  submitted  to  fractional  distillation,  and  the 
portion  distilling  after  a  few  distillations  between  80"*  to  85°  collected 
apart.  This  distillate  consists  principally  of  benzene,  but  contains 
yet  small  quantities  of  paraffins,  defines,  and  acetylene-hydrocarbons. 
On  cooling  it  down  to  12°,  the  benzene  solidifies,  and  is  purified  from 
the  adhering  liquid  by  strong  pressure.  By  repeating  this  process, 
an  almost  pure  benzene  is  prepared.  It  is  now  manufactured  in  large 
quantity  for  the  preparation  of  aniline,  but  the  commercial  product 
jdways  contains  other  hydrocarbons  in  a  smaller  or  larger  quantity. 

A  very  pure  benzene  may  be  prepared  by  the  distillation  of  a 
mixture  of  one  part  of  benzoic  acid  with  three  parts  of  slaked 
lime  : — 

CoHa.C02H  4-  CaO  =  CgH^  +  CaCOj 

a  reaction  corresponding  to  the  preparation  of  marsh-gas  from  acetic 
acid. 

All  other  aromatic  acids  Which  are  derived,  like  benzoic  acid,  from 
benzene,  by  hydrogen  being  replaced  by  carboxyl,  are  decomposed  in 
a  similar  way  by  heating  them  with  lime  : — 


Phthalic  Acid. 


pi    XT       (    COnH 

^«**«  t  CO,H      = 


Mellitic  AciiL 


C,H,  +  2C0, 


COgH 
COgH 


C«^COH      =      C«H,  +  6C0g 


cojii 

COjH 


When  benzene  is  heated  witli  .potassium  in  sealed  tubes  to  250°, 
the  two  bodies  combine,  and  form  potassium-benzene,  a  bluish  black 
and  very  explosive  body. 
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SUBSTITUTION-PRODUCTS  OF  BENZENE. 

Monochlorohenzene  C-H^CL — To  obtain  chlorine  substitution-pro- 
ducts, chlorine  is  passed  into  benzene  in  presence  of  a  little  iodine,  the 
first  product  being  monochlorohenzene,  a  colourless  liquid,  smelling 
like  bitter  almonds,  and  boiling  at  138°.  The  same  substance  is  pro- 
duced by  the  action  of  phosphorus  pentachloride  upon  phenol. 

Monochlorohenzene  is  not  acted  upon  by  heating  it  with  silver  salts 
or  alcoholic  solutions  of  potash,  ammonia,  and  potassium  acetate. 
When  treated  with  sodium-amalgam,  it  is  reconverted  into  benzene. 

By  the  further  action  of  chlorine  upon  benzene,  the  following 
bodies  have  been  obtained ;  they  are  all  white  crystalline  solids : — 

Dichlorobenzene .     .  .  C^H^Clg  53**  171^ 

Trichlorobenzene     .  .  CgH^Clg  17  206 

Tetrachlorobeuzene  .  CgHgCl^  139  240 

Pentachlorobenzene  .  C^HClg  74  272 

Hexachlorobenzene  .  C^Clg  226  .  326 

Hexchlorobenzene  is  also  formed  when  the  vapour  of  chloroform 
CHCI3,  or  tetrachlorethene  CCl^,  is  passed  through  red-hot  tubes. 

Monobromobenzene  C^HgBr  is  slowly  formed  by  mixing  bromine 
with  benzene,  and  exposing  the  mixture  to  the  daylight.  It  is  a 
liquid  resembling  chlorobenzene,  and  boiling  at  154°. 

DibromobenzeTie  C^H^Bry — When  benzene  is  heated  with  six  times 
its  weight  of  bromine,  it  yields  two  isomeric  bibromobenzenes,  which 
may  be  separated  by  fractional  distillation. 

Paradibromobenzene  crystallizes  in  large  colourless  prisms,  melting 
at  89°,  and  boiling  at  219°. 

Orthodibromobenzene  is  a  liquid  boiling  at  213°,  and  solidifjnng  at 
a  low  temperature  to  crystals,  melting  at  —  1°. 

Metadibromobciizene  has  been  produced  by  converting  aniline  into 
dibromo-aniline,  and  acting  on  this  compound  with  an  alcoholic 
solution  of  nitrous  acid.  Metadibromobenzene  is  a  colourless  liquid, 
boiling  at  215",  and  not  solidifying  even  at  —  28°. 

When  benzene  is  heated  with  an  excess  of  bromine,  the  higher 
substitution-products  are  formed,  which  are  colourless,  crystalline 
solids. 

Mo7iiodobenzene  CgH^I. — Iodine  alone  does  not  act  upon  benzene, 
even  at  a  high  temperature ;  but  in  presence  of  iodic  acid,  substitu- 
tion-products are  formed.  The  iodic  acid  acta  as  oxidizing  agent, 
taking  hydrogen  away,  in  which  place  iodine  enters.  At  the  same 
time,  a  considerable  quantity  of  carbon  dioxide  is  formed,  a  part  of  the 
benzene  being  destroyed  by  oxidation.  Moniodobenzene  is  a  colour- 
less liquid,  which  assumes  a  reddish  colour  on  exposure  to  the  light. 
It  boils  at  185^  and  is  as  stable  a  compound  as  chlorobenzena 

The  most  convenient  method  to  prepare  this  compound  in  quantity 
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consists  in  the  decomposition  of  a  salt  of  diazobenzene  with  hydri- 
odic  acid.  Substitution-products  of  benzene  are  also  produced  by 
treating  silver  benzoate  with  iodine  chloride : — 

C,H,.CO,Ag  +  ICl  =  C,H,I  +  AgCl  +  CO, 

MoTioJluobenzene  CgHgF,  is  produced  by  distilling  fluobenzoic  acid 
with  quicklime.  It  is  a  scaly,  crystalline  mass,  melting  at  40**,  and 
boiling  at  180^     Its  odour  resembles  that  of  benzene. 

Nitrohemene  C^HgNOg. — Benzene  dissolves  in  concentrated  nitric 
acid  with  the  evolution  of  heat ;  on  the  addition  of  water,  nitro- 
benzene is  precipitated  as  a  heavy  oily  liquid  : — 

C^H^  +  NO^OH  =  C^l^Oj  +  Hfi 

Nitrobenzene  has  generally  a  brown  colour,  but  when  quite  pure  it 
is  a  pale  yellow,  strongly  refractive  liquid,  boiling  at  220°.  It  has  a 
burning  sweet  taste,  and  a  smell  resembling  that  of  oil  of  bitter 
almonds,  and  of  cinnamon. 

DinUrobenzene  CJS.J(S0^2  ^  formed  by  boiling  nitrobenzene  with 
strong  nitric  acid,  or  oy  acting  upon  benzene  with  a  mixture  of  con- 
centrated sulphuric  and  nitric  acids.  It  crystallizes  from  nitric  acid 
or  from  alcohol  in  long,  glistening,  colourless  needles,  melting  at  86**. 

When  mono-  or  dinitrobenzene,  or  other  nitro-compounds  are 
heated  with  potash,  they  are  decomposed,  yielding  potassium  cyanide, 
and  other  products  which  have  not  been  examined. 

By  the  action  of  strong  nitric  acid  upon  the  substitution-products 
of  benzene,  already  dftjcribed,  nitro-compounds  of  the  latter  are 
obtained. 

BenzenesulpJuniic  Acid  C^K^.SO^O'H.. — When  benzene  is  shaken 
with  concentrated  sulphuric  acid,  it  is  dissolved : — 

C,H,  +  SO,  I  gg  =  C,H,.SO,.OH  +  H,0 

On  neutralizing  the  diluted  solution  with  carbonate  of  barium  or 
lead,  the  excess  of  sulphuric  acid  is  removed,  and  the  solution  con- 
tains the  benzenesulphonates  of  these  metals.  To  obtain  the  free 
acid,  the  salts  are  decomposed  either  by  sulphuric  acid  or  hydrogen 
sulphide,  and  the  filtered  solution  is  evaporated.  Benzenesulphonic 
acid  forms  small  colourless  deliquescent  plates. 

Benzenesulphonic  Chloride  CgHj.SOjCl  is  obtained  by  the  action  of 

phosphorus  pentachloride  upon  sodium  benzenesulphonate ;  it  is  an 

oily  liquid  boiling  at  246®,  which  is  decomposed  by  boiling  water. 

By  the  action  of  ammonia  it  is  converted  into  BemenesiUphonamide 

C||H..SOj.NH-,  a  colourless  crystalline  solid. 

(  SO  OH 
BenzenedisiUphonic  Acid  CgH^-J  SO*OH    ^®  produced  by  heating 

the  monosulphonic  acid  with  fuming  sulphuric  acid.  It  forms  a 
crystalline  deliquescent'  mass.  The  barium-salt  is  very  soluble  iu 
water,  but  the  lead-salt  less  so. 
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Benzene  Sulphoxide  or  Stdphobenzide  p^Tx*  \  SOg^ — To  obtain  this 

compound,  benzene  is  gradually  added  to  sulphur  trioxide.  It  is  a 
solid,  sparingly  soluble  in  water,  and  crystallizing  from  alcohol  in 
rhombic  plates. 

Benzeriesulphonic  Acid  CgHg.SO.OH. — The  sodium-saJt  of  this  acid 
is  produced  by  the  action  of  sodium  amalgam  on  an  etherial  solution 
of  benzenesulphonic  chloride.  The  free  acid  is  sparingly  soluble  in 
cold  water,  and  crystallizes  from  a  boiling  solution  in  large  brilliant 
prisms.  It  is  readily  oxidized  even  by  the  oxygen  of  the  air,  and 
converted  into  benzenesulphonic  acid. 

Substitution-products  of  benzenesulphonic  acid  are  produced  by 
the  action  of  sulphuric  acid  on  the  substituted  benzenes. 

Phosphenyl  Chloride  CgHyPClg  is  formed  by  passing  a  gaseous 
mixture  of  benzene  and  phosphorus  trichloride  repeatedly  through  a 
tube  heated  nearly  to  redness.  It  is  a  very  refractive  liquid,  boiling 
at  222°,  possessing  a  strong  pungent  smell,  and  fuming  in  the  air. 


AMIDOBENZENB,  OR  ANILINE,   C(.H..NH 


By  the  action  of  reducing  agents,  nitrobenzene  is  converted  into 
amidobenzene : — 

C0H5.NO2  +  3Hj  =  CeH^.NHj  +  2H2O 

To  efiTect  this  reduction  on  the  small  scale,  nitrobenzene  is  gently 
heated  with  zinc  and  sulphuric  acid,  or  with  tin  and  hydrochloric 
acid;  a  rather  violent  reaction  soon  sets  in,  and  the  nitrobenzene 
dissolves  in  the  acid,  a  salt  of  aniline  being  produced.  Aniline  is 
also  formed  by  heating  nitrobenzene  \^ith  soda-solution,  and  arsenic 
trioxide  or  grape-sugar,  or  by  the  action  of  an  alcoholic  solution  of 
ammonium  sulphide  upon  nitrobenzene  : — 

CeH5.N0a  +  3H,S  =  CgH^.NH,  +  2njd  +  S, 

Aniline  occurs  also  in  the  heavy  oils  from  coal-tar;  and  it  was  first 
obtained  by  distilling  indigo  with  caustic  potash.  (Anil  is  iha 
Portuguese  name  for  indigo.) 

Aniline  is  now  manufactured  on  the  large  scale  from  commercial 
benzene,  which  is  first  converted  into  nitrobenzene  by  acting  on  it 
with  a  mixture  of  sulphuric  and  nitric  acids.  The  nitrobenzene  is 
mixed  with  acetic  acid,  and  iron  borings  or  turnings  are  gradually 
added  to  the  liquid  until  a  semi-solid  mass  is  fonued,  which,  alter 
adding  some  lime,  is  submitted  to  distillation  in  iron  retorts. 

Commercial  aniline  always  contains  aniido-toluei.es  and  other 
bases. 

Aniline  is  a  colourless,  refractive  liquid,  boiling  at  18 1"*,  and  solidi- 

C  Y 
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fying  at  —  8®  to  a  crystalline  mass;  when  exposed  to  the  air  and  light, 
it  assumes  a  brown  colour.  It  has  a  peculiar,  not  unpleasant  smell, 
and  is  very  sparingly  soluble  in  water,  but  freely  in  alcohol^  ether 
and  benzene. 

With  acids  it  forms  salts,  most  of  which  crystallize  well. 

Aniline  hydrochloride  CQH5.NH2.CIH  crystallizes  in  needles,  which 
can  be  sublimed ;  with  platinum  chloride  it  forms  the  double  salt 
2(CgH5.NH2.ClH)  +  PtCl4,  which  crystallizes  from  water  in  yellow 
needles.  The  hydrochloride  forms  also  crystallized  double-salts  with 
zinc  chloride,  stannic  chloride,  and  other  metallic  chlorides. 

The  nitrate  C^Hg.NHg-NOgH  crystallizes  in  large  rhombic  plates. 
Tlie  sulphate  2(CgH^NH2)S04H2  is  a  white  crystalline  powder, 
tolerably  soluble  in  water,  less  in  alcohol,  and  insoluble  in  ether. 

With  oxidizing  agents  aniline  yields  very  characteristic  reactions. 
Thus,  when  a  solution  of  bleaching-powder  is  added  to  an  aqueous 
solution  of  aniline,  a  deep  purple  colour  is  produced,  which  after 
some  time  changes  into  a  dirty  red.  By  bringing  aniline  in  contact 
with  sulphuric  acid  and  potassium  dichromate,  the  liquid  assumes  a 
pure  blue  colour,  which  soon  disappears  again.  A  similar  colour  is 
produced  by  the  action  of  hydrochloric  acid  and  potassium  chlorate  ; 
it  also  soon  disappears,  and  a  dark-green  precipitate  is  formed. 

Aniline  combines  readily  with  the  iodides  and  bromides  of  the 
alcohol  radicals,  and  comports  itself  in  this  reaction  like  an  amine 
and  for  this  reason  it  was  formerly  called  phenylamin  e. 

Methylaniline  C^HgN  <  qtt  . — When  aniline  is  mixed  with  methyl- 
iodide,  a  violent  reaction  sets  in,  and  on  cooling  the  liquid  solidifies 
to  a  crystalline  mass  of  methylaniline  hydriodide.  The  free  base  is 
a  colourless  liquid,  resembling  aniline,  and  boiling  at  192°.  It  is 
also  produced,  together  with  dimethylamine,  by  heating  aniline  hydro- 
chloride with  methyl  alcohol  under  a  very  great  pressure : — 

CeH5.NH2.ClH  +  CHyOH  =  C^Hg.^  I  ^g  }  CIH  +  H2O 

C„H,N  {  cH   I  ^^^  +  CH3.OH  =  CeH,N(CH3)2ClH  +  H2O 

(  H 

Ethylaniline    C^HgN  -!  p  tt     hoils    at    204"*,    and    diethylaniline 

CgHN  j^^  at  213^  The  latter  compound  combines  with  ethyl- 
iodide;  and  the  iodide  of  the  compound  ammonium  thus  formed 
yields,  on  treatment  with  moist  silver  oxide,  the  strongly  alkaline 
and  caustic  triethylphmylammanium  hydroxide  ^(G^^{C^1IX)01I, 
which,  by  the  action  of  heat,  is  resolved  into  diethylaniline,  ethylene, 
and  water. 

Plienylaniline    or   diphenylamine   C^Hr  >N    is    formed    when    a 


JeH^U    ii 


THE  CARBON  COMPOUNDS.  323 

mixture  of  aniline  and  aniline  hydrochloride  is  heated  under  pres- 
sure. It  is  a  crystalline  solid,  melting  at  45^  boiling  at  310'',  and 
possessing  a  peculiar  smell,  like  flowers.  With  acids  it  forms  salts, 
which  are  decomposed  by  water.  With  nitric  acid  it  yields  an 
intensely  blue  liquid. 


Meihyl-phenyl-anUine  CgHg  VN  is  formed  by  acting  with  methyl- 

CH3  j 

aniline  on  aniline  hydrochloride  at  280**  for  thirty-six  hours.  It  is  a 
liquid,  boiling  at  270^  and  yielding,  when  heated  with  hexachlor- 
ethene,  a  magnificent  blue-violet  colouring  matter. 

Diphenylaniline  or  triphenylamine  C^Hg  >N. — Potassium  dissolves 

readily  in  aniline,  forming  the  compounds  CgHg.NHK  and  CgHR.NKg, 
which,  when  heated  with  bromobenzene,  are  converted  into  phenyl- 
aniline  and  diphenylaniline.  It  is  a  solid,  crystallizing  from  petro- 
leum-spirit in  thick,  large  plates,  melting  at  126"*,  and  boiling  at  a 
very  high  temperature.  It  has  no  basic  properties,  and  gives,  with 
oxidizing  agents,  blue  or  green  colorations. 


ANILIDES. 

Just  as  the  ammonium-salts  of  many  acids  are  resolved  by  heat 
into  water  and  an  amide,  the  salts  of  aniline  yield  by  the  same  re- 
action anilides. 

Formanilide  C^H^.N  \  „       is  produced  by  heating  aniline  with 

ethyl  formate,  as  well  as  when  aniline  oxalate  is  quickly  heated.  It 
forms  colourless  crystals,  melting  at  46°.  It  is  freely  soluble  in  hot 
water,  and  yields,  by  distiUation  with  hydrochloric  acid,  benzonitrile 

Acetanilide  CgH^N  j  g^'^-^3._This  body  may  be  obtained  by  the 

action  of  acetyl  chloride  or  acetic  anhydride  upon  aniline,  or  by  the 
distillation  of  aniline  acetate.  It  is  sparingly  soluble  in  cold  water, 
and  ciystallizes  from  a  boiling  solution  in  shining  plates,  melting  at 
106*",  and  boiling  at  292**.  It  dissolves  in  fuming  nitric  acid  with 
the  formation  of  nitro-acetanilide,  and,  by  the  action  of  chlorine  or 
bromine,  it  yields  substituted  acetanilides. 

Carhanilamide  or  phenyUurea  CO  -!  ^W  ^*  has  been  produced  by 

passing  the  vapour  of  cyanic  acid  into  well-cooled  aniline,  and  by 
evaporating  a  solution  of  aniline  sulphate  with  potassium  cyauate. 
It  is  almost  insoluble  in  hot  water,  and  crystallizes  from  a  boiling 
solution  in  white  needles. 

Carbanilide  or  diphenylurea  is  formed  together  with  ammonia  and 

T  9. 
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cyan  uric  acid  when  phenyl-urea  is  heated,  and  it  is  also  obtained  by 
the  action  of  carbouyi  chloride  on  aniline,  and  by  heating  aniline 
with  urea : — 

2C«H,NH,  +  CO  {  JJ3|  =  CO  {  ™«g;  4-  2NH, 

It  crystallizes  in  silky  white  needles ;  is  insoluble  in  water  and 
volatilizes  on  heating. 

Ethyl  carbanilate  or  phenyl-urethane  CO  <  ^p  tt**    ^is  found  when 

aniline  is  acted  upon  by  chlorocarbonic  ether  (page  118).  It  forms 
large  crystiils,  and  boils  at  237°.  By  heating  it  with  phosphorus 
pentoxide,  it  is  resolved  into  ethyl  alcohol  and  carbanU  or  phenyl 

carhimide    '^,.J  f  N,  a  very  refmctive  liquid,  boiling  at  163°,  and 

possessing  a  most  pungent  smelL 

When  this  body  is  brought  in  contact  with  a  little  triethyl- 
phosphiue,  it  is  converted  into  the  polymeric  diphenyl  dicarhimide 

/ri  XT  N    ^ 

(phenyl  dicyanate)  ^  ^r(y^  \  ^v   forming    large    beautiful    crystals, 

melting  at  175°.  At  a  high  temperature  it  is  resolved  again  into 
two  molecules  of  carbanil.     It  combines  with  alcohol,  forming  ethyl 

diphenylallophaiuUe  CqR^.'S  <  nr)Qn  \t^  *  r  (see  page  120),  crystal- 
lizing in  fine  needles,  melting  at  98°. 

Sulphocarbanilide  CS  -!  Mtrp^*  is  produced  by  boiling  an  alcoholic 

solution  of  aniline  and  carbon  disulphide  as  long  as  hydrogen  sulphide 
is  given  off.  It  forms  iridescent  plates,  which  are  sparingly  soluble 
in  water,  more  freely  in  alcohol,  and  have  a  bitter  taste. 

OKI 

Phenylsulphocarbimide  or  Phenyl  mustard-oil  V<4  f  ^- — To  pre- 
pare this  compound,  sulphocarbanilide  is  heated  with  fuming  hydro- 
chloric acid.  It  is  a  colourless  liquid,  boiling  at  222°,  and  smelling 
like  common  mustard-oil. 

Oxanilide  {G^^^l^^ll^Cf)^  is  obtained, together  with  formanilide, 
when  aniline  oxalate  is  heated.  It  is  insoluble  in  water,  and  sub- 
limes on  heating  in  shining  crystals,  melting  at  245°.  By  heating 
aniline  with  an  excess  of  oxalic  acid,  the  monobasic  oxanilic  acUl 

f  XX 

CgHjN-j  Q  Q  Qg  is  formed,  which  is  soluble  in  water. 

Cyananilide  Cgll^N  \  ^-^^  is  formed  by  passing  cyanogen  chloride 

into  a  solution  of  aniline  in  ether.     It  is  an  amorphous  mass. 

Mdaniline  or  diphemyl-gtmnidine  C(NH)(NH.CgH5)2  is  a  weak 
base,  forming  crystalline  salts,  and  is  produced  by  passing  cyanogen 
chloride  into  pure  aniline.  An  isomeric  compound  is  formed  when 
guanidine  hydrochloride  is  gently  heated  with  aniline.  The  isomerism 
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of  these  two  compounds  is  most  probably  caused  by  two  phenyl  groups 
replacing  difiTerent  atoms  of  hydrogen  in  guanidine  C(NH)(NH2)2. 

is  a  mon-acid  base,  which  is  formed  by  the  action  of  tetrachloro- 
methane  CCl^  on  aniline.  It  is  a  crystalline  solid,  insoluble  in 
water,  and  forming  crystallized  salts. 

Cyaniline  C^^ISR^INK.CqR^). — On  passing  cyanogen  gas  into  an 
alcoholic  solution  of  aniline,  this  compound  separates  out  after  some 
time.  It  is  a  crystalline  solid,  combining  with  acids.  On  heating  it 
with  aqueous  acids,  it  is  decomposed  with  formation  of  p.TP.monia,  and 
oxanilide  or  oxamide : — 


C.NH  CO 

I  +  2H.0  =  I  +  2NH, 

C.NH  CO 


NH.C^n5  NRCeHg 

Cyanohenzene  or  Phenyl  Carbamine  CN.CgHg. — This  compound  is 
obtained  by  the  distillation  of  a  mixture  of  aniline,  chloroform,  and 
caustic  potash.  It  is  liquid,  boiling,  with  partial  decomposition,  at 
160®.  Its  colour  appears  blue  in  reflected  light,  and  green  by  trans- 
mitted light.  It  has  a  most  penetrating  odour,  like  other  carbamines. 
By  acids  it  is  decomposed  with  the  formation  of  aniline  and  formic 
acid. 


SUBSTITUTED  ANILINES. 

Monochloraniline  C^H^CLNH-  is  prepared  by  acting  with  strong 
nitric  acid  on  chlorobenzene,  ana  treating  the  nitrochlorobenzcne  thus 
formed  with  a  reducing  agent.  Monochloraniline  is  insoluble  in  cold 
water,  very  sparingly  soluble  in  boiling  water,  but  readily  in  alcohol. 
It  crystallizes  in  shining  octahedrons,  and  is  a  weak  base,  forming 
crystalline  salts. 

Dichloraniline  C/HjClg-NHj  and  trichloraniline  C^HgCLNHg  are 
crystalline  solids,  having  no  basic  properties.  Trichloraniline  is  also 
formed,  together  with  small  quantities  of  the  two  other  chloranilines, 
by  the  action  of  chlorine  upon  aniline,  the  greatest  pail;  of  which,  how- 
ever, is  converted  into  a  ckrk  tarry  mass. 

Monobromaniline  CgH^Br.NHg  has  been  obtained  from  monobroin- 
benzene,  and  has  great  resemblance  with  chlomniline. 

Dibrom-  and  tribromaniline  are  produced  by  the  action  of  bromine 
upon  aniline,  as  well  as  by  heating  nitrobenzene  v^ith  hydrobromic 
acid  * 

CeHs-NOj  +  CHBr  =  CfiHj.NH,  +  3Br,  +  2H,0 
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The  nitrobenzene  being  first  reduced  to  aniline,  free  bromine  is 
formed,  which  substitutes  hydrogen  in  aniline. 

lodaniline  CgH^l.NHj  is  readily  formed  by  the  action  of  iodine 
upon  aniline,  but  it  is  not  produced  by  lieating  nitrobenzene  with 
hydriodic 'acid,  because  free  iodine  acts  only  upon  free  aniline,  but 
not  on  its  salts.  lodaniline  is  a  weak  base,  crystallizing  in  white 
prisms. 

Ortfionitranilin^  GqH^<  ^^.^ — This  compound  is  not  formed  by 

the  action  of  nitric  acid  upon  aniline.  To  obtain  it,  an  anQide,  as 
acetanilide,  is  dissolved  in  strong  nitric  acid,  and  the  nitro-acetanilide 
thus  formed  boiled  with  potash-solution : — 

C,H,  {  NH-CAO  ^  ^Qg  ^  c^g^  j  NH,  ^  c,H30,K 

Orthonitraniline  crystallizes  in  long  yellow  needles  or  plates,  melting 
at  146°  and  subliming  without  decomposition. 

Paranitraniliiie  G^A  yTr\^» — This  isomeride  is  obtained  by  re- 
ducing dinitrobenzene  with  an  alcoholic  solution  of  ammonium 
sidphide.  It  forms  yellow  needles,  melting  at  110°,  and  subliming 
readily  on  heating. 

Paranitraniline  is  the  starting-point  for  a  series  of  substituted 
anilines,  which  are  isomeric  with  those  just  described.  To  obtain 
these  paranitraniline  is  converted,  first,  into  a  diazo-compound,  and 
this  decomposed  by  hydrochloric,  hydrobromic,  or  hydroiodic  acid. 
The  substituted  nitrobenzenes  thus  formed  are  then  reduced  by  a 
suitable  agent. 

Parachlor-  and  parahromaniline  are  liquids.  Para-iodaniline  crys- 
tallizes  in  silvery  scales,  melting  at  25°. 

Metanitraniline, — By  the  action  of  nitric  acid  on  bromobenzene, 
two  isomeric  bromonitrobenzenes  are  formed,  one  melting  at  125°,  and 
the  other  at  38°.  When  the  former  is  treated  with  concentrated 
alcoholic  ammonia  for  twelve  hours  to  190^  it  is  converted  into  ortho- 
nitraniline, whilst  the  second  modification  yields  by  this  reaction 
metanitraniline ;  which  is  more  volatile  and  more  soluble  than  its 
two  isomerides.  It  forms  yellow  needles,  melting  at  66° ;  its  aqueous 
solution  stains  the  skin  yellow. 

The  nitranilines  are  weak  bases,  forming  salts,  which  are  decom- 
posed by  water. 

SiUphunilic  Acid  or  Amidobenzene-sulphonic  Acid  C^H^k  o^.  2* 

— ^This  powerful  monobasic  acid  is  obtained  by  dissolving  aniline  in 
fuming  sulphuric  acid.  It  is  not  freely  soluble  in  cold  water,  and 
crystallizes  from  a  hot  solution  in  rhombic  plates  containing  one 
molecule  of  water.  Its  salts  are  soluble  in  water,  and  crystallize 
well. 
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Thio-aniline  S  <  n^Ti^^jfr^- — This  bi-acid  base  is  formed  together 

with  hydrogen  sulphide  by  heating  aniline  and  sulphur  together  with 
oxide  of  lead,  the  latter  being  added  to  remove  the  hydrogen 
sulphide  as  soon  as  it  is  formed,  because  it  has  a  decomposing  action 
on  thio-aniline. 

Thio-aniline  crystallizes  from  a  hot  aqueous  solution  in  long,  thin 
silky  needles,  melting  at  104*" ;  when  more  strongly  heated,  they  are 
decomposed.  With  acids  it  combines,  forming  salts  which  all  crystallize 
very  readily.  On  adding  potassium  dichromate  to  the  solution  of  one 
of  the  salts,  violet  flakes,  soluble  in  alcohol,  are  precipitated.  Thio- 
aniline  dissolves  in  concentrated  sulphuric  acid,  forming  a  red  or 
blue  solution,  which,  when  poured  into  water,  yields  a  beautiful  red 
liquid. 


^^  f  NH 

DIAMIDOBENZENES  C^H^  <  Zr^ 


Orthodiamidohenzene  is  formed  by  the  reduction  of  orthonitraniline  ; 
it  is  readily  soluble  in  water,  and  forms  colourless  crystals,  melting  at 
140^  and  boiling  at  267^ 

Paradiamiddbenzene  has  been  prepared  by  reducing  dinitrobenzene 
or  paranitraniline  with  tin  and  hydrochloric  acid.  On  decomposing 
the  hydrochloride  thus  formed  with  soda,  the  base  separates  out 
as  a  liquid,  which  gradually  solidifies  to  a  crystalline  mass.  It 
melts  at  63*",  and  boils  at  287*".  It  absorbs  oxygen  from  the  air,  and 
changes  soon  into  a  brown  mass. 

Metadiamidobenzene  is  obtained  from  metanitraniline.  It  forms 
brilliant  white  plates,  melting  at  99""  and  boiling  at  252^ 


TRUMIDOBEKZENE 


When  triamidobenzoic  acid  is  heated,  it  is  resolved  into  carbon- 
dioxide  and  triamidobenzene,  a  crystalline  solid,  melting  at  104'',  and 
boiling  at  330^  Its  concentrated  aqueous  solution  has  an  alkaline 
reaction,  and  gives,  with  ferric  chloride,  a  violet  precipitate,  which 
soon  turns  brown.  It  reduces  an  ammoniacal  silver  solution,  and 
gives,  with  sulphuric  acid  containing  a  trace  of  nitric  acid,  a  deep 
blue  liquid.  Triamidobenzene  forms  crystalline  salts,  containing  two 
equivalents  of  an  acid. 

AZO-DERIVATIVES  OF  BENZENE. 

CHI 
Jzobenzene  p^rr^  f  ^2  ^  obtained  by  distilling  nitrobenzene  with 

an  alcoholic  solution  of  potash.    In  this  reaction  the  alcohol  acts  as 
a  reducing  agent,  being  oxidized  to  aldehyde.    Azobenzene  is  also 
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produced  by  the  action  of  sodium  amalgam  on  an  alcoholic  solution 
of  nitrobenzene,  and,  but  in  a  small  quantity  only,  by  oxidizing 
aniline  hydrochloride  with  potassium  permanganate. 

Tt  crystallizes  in  large  yellowish-red  plates,  melting  at  66***5,  and 
boiling  at  293°,  and  possessing  a  faint  smell  of  roses.  Concentrated 
nitric  acid  converts  it  into  nitro-compounds,  and  sulphuric  acid 
dissolves  it  in  the  cold  without  acting  on  it ;  but  on  heating  the  solu- 
tion azobenzenesvlphonic  acid  CijHgNgSOjH  is  formed,  which,  as  well 
as  its  salts,  readily  crystallizes. 

Azobenzene  readily  combines  with  bromine,  forming  azobenzme 
dihromide  CgHj^jNgBrj,  crystallizing  in  golden-yeUow  needles.  Re- 
ducing agents,  as  ammonium  sidphide,  convert  it  into  hydrazohemene 
11  ^«HioN2H2»  ^  compound  which  is  also  obtained,  together  with  azo- 
benzene, by  the  oxidation  of  aniline  hydrochloride.  It  crystallizes 
in  colourless  plates,  smelling  like  camphor.  Oxidizing  agents  con- 
vert it  into  azobenzene,  and  by  distillation  it  is  resolved  into  aniline 
and  azobenzene. 

Dinitrohydr azobenzene  Cy,^^(SO^^^^  is  formed  by  the  action  of 
cold  ammonium  sulphide  on  dinitro-azobenzene.  It  crystallizes  from 
boiling  alcohol  in  large  yellow  needles,  melting  at  220"* ;  by  heating 
above  this  temperature,  it  is  resolved  into  dinitro-azobenzene  and 
paranitraniline. 

Diamidohydrazdbenzene  or  Diphenine  C-^fi^CKK^^^^  ^^  ^  yellow 
crystalline  base,  obtained  by  boiling  dinitro-azobenzene  with  alcoholic 
ammonium  sulphide.  By  the  further  action  of  reducing  agents,  it  is 
resolved  into  two  molecules  of  diamidobenzene. 

Azoxyhenzene  G^^^^fi  is  formed  together  with  azobenzene  by 
reducing  nitrobenzene  with  alcoholic  potash.  It  crystallizes  in  long 
yellow  needles. 

These  azo-compounds  are  bodies  standing  intermediate  between 
nitrobenzene  and  amidobenzene ;  their  constitution  is  explained  by 
the  following  formulae : — 

Nitrobenzene    ....     CgHg.NOg 

f  CaH,.N 
Azoxyhenzene  .     .     .     .^  |  ^0 

fC,H,.N 
Azobenzene <  \\ 

_  CeHj-NH 
Ilvdnizobenzene 


■  ■ 


CeH,.NH 


Amidobenzene  ....     CjHj.NHj 
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DIAZOBENEENE    COMPOUNDS. 

These  compounds  are  produced  by  acting  with  nitrous  acid  on  a 
salt  of  aniline  ;  thus  aniline  nitrate  yields  diazobenzene  nitrate  : — 

CeH5.NH2N03H  +  HNO2  =  CeH5N5,N08  +  2H2O 

The  monad  radical  diazobenzene  has  the  constitution  CeH5.N=N— ; 
its  compounds  are  very  unstable  bodies,  and  easily  decomposed  by 
water,  absolute  alcohol,  and  acids.  Thus,  on  boiling  a  diazobenzene 
compound  with  absolute  alcohol,  it  is  reduced  to  benzene  : — 

When  it  is  boiled  with  water,  it  yields  phenol — 

CeH^Nj-NOg  +  H,0  =  CeH,.OH  +  NOsH  +  N%H  K 
whilst  concentrated  hydriodic  acid  converts  it  into  moniodobenzene : — 

CeH,N2.N03  +  HI  =  0^1  +  NO3H  +  N^ 

The  substituted  anilines  are  acted  on  by  nitrous  acid  in  precisely 
the  same  manner,  and  the  diazobenzene  compounds  are,  therefore,  of 
great  theoretical  interest;  as  by  means  of  them  not  only  a  large 
number  of  substitution-products  may  be  obtained  by  simple  reactions, 
but  also  the  positions  of  the  side-chains  in  isomeric  bodies  can  be 
fixed,  if  we  either  start  with  such  of  known  constitution,  or  if  we 
obtain  compounds  in  which  the  positions  of  the  side-chains  have  been 
ascertained  by  other  reactions. 

Thus  paranitraniline  yields  diazobenzene  compounds,  which,  by  the 
action  of  hydrochloric,  hydrobromic,  or  hydriodic  acids,  are  converted 
into  the  corresponding  substituteii  nitrobenzenes,  in  which,  as  well  as 
in  paranitraniline  and  paradiamidobenzene,  the  side-chains  occupy 
the  positions  1,  4;inasmuch  as  the  paranitro-iododobenzene  thus  formed 
yields  by  reduction  para-iodaniline,  and  this  compound,  by  converting 
it  again  into  a  diazo-compound,  and  boiling  the  latter  with  water,  is 
transformed  into  para-iodophenol  (see  page  314). 

In  metanitraniline  and  metadiamidobenzene,  the  side-chains  have 
the  positions  1,  2.  This  follows  from  the  following  considerations : — 
Para-oxybenzoic  acid  belongs  to  the  group  1, 4  (see  page  314 ;  to  the 

same  group  belongs,  therefore,  para-amidobenzoic  acid  C^H^  •!  ^^    » 

inasmuch  as  it  yields  a  diazo-compound,  which  by  boiling  water  is 
converted  into  para-oxybenzoic  acid.  The  amido-acid  can  yield  two 
nitro-compounds  :  in  one  of  these  the  nitroxyl  has  the  position  2  =  6 
and  in  the  other  3—5.  One  of  these  yields,  by  acting  on  it  with  an 
alcoholic  solution  of  nitrous  acid,  common  nitrobenzoic  acid  belong- 
injT  to  the  group  1,  3 ;  consequently  in  tho  corresponding  nitro-amido- 
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benzoic  acid  the  groups  NH^  and  NOg  are  linked  to  two  adjoining 
carbon-atoms,  or  in  the  positions  3,  4  =  1,  2.  Now,  as  by  reduction 
this  nitro-acid  yields  a  diaraidobenzoic  acid,  which,  by  the  action  of 
heat,  is  resolved  into  carbon  dioxide  and  nietadiamidobenzene,  it 
follows  that  the  latter  compound  belongs  to  the  group  1,  2. 

As  we  know  now  the  constitution  of  two  diamidobenzenes,  we 
know  also  that  of  orthodiamidobenzene,  which,  as  well  as  its  deriva- 
tives, belong  to  the  group  1,  3. 

The  different  substituted  anilines  obtained  by  the  above  reactions 
can  again  be  transformed  into  diazo-compounds,  and  the  latter  into 
isomeric  dichloro-,  dibromo-,  or  di-iodobenzenes.  Now,  as  from  all 
these  bodies  new  nitro-  and  amido-compounds  may  be  produced,  and 
the  latter  again  converted  into  diazo-compounds,  it  is  readily  under- 
stood how  important  the  diazo-compounds  are  from  a  theoretical  point 
of  view. 

Diazobenzejie  Nitrate  GJl^^^Q^ — To  prepare  this  compound, 
water  is  added  to  an  excess  of  aniline  nitrate,  and  nitrogen  trioxide 
passed  into  the  liquid.  The  solution  becomes  warm,  and  soon  the  salt 
appears  in  crystals,  the  yield  of  which  is  increased  by  adding  a  mix- 
ture of  alcohol  and  ether.  It  forms  colourless  needles,  sparingly 
soluble  in  alcohol,  and  insoluble  in  ether.  The  dry  salt  detonates  by 
heat  or  percussion  with  the  greatest  violence. 

Diazobemene  Sulphate  C-H^Nj-SO^H  is  obtained  by  decomposing  a 
concentrated  solution  of  the  nitrate  with  dilute  sulphuric  acid,  and 
adding  alcohol  and  ether  to  the  liquid.  It  crystallizes  in  colourless 
prisms,  and  is  very  explosive.  When  to  its  solution  a  solution  of 
platinic  chloride  in  hydrochloric  acid  is  added,  the  compound 
(CJH5N2C1)2  +  PtCl^  separates  in  fine  yellow  prisms, 

Diaz^enzene-potassoxide  C^HgNo-OK. — ^This  compound  is  obtained 
by  adding  potash-solution  to  a  salt  of  diazobenzene.  It  separates  as 
a  yellow,  oily  liquid,  which,  by  drying  on  a  water-bath,  solidifies  to  a 
crystalline  mass.  The  pure  compound  forms  small  shining  scales,  and 
is  readily  soluble  in  water. 

Diazohenzene-argentoxide  C^^^,OAg  is  a  greyish-white  and  very 
explosive  powder,  which  is  obtained  by  adding  silver  nitrate  to  a 
solution  of  the  potash-compound. 

Diazobenzene  Hydroodde  C^HgNg-OH. — When  acetic  acid  is  added 
to  the  potash-compound,  a  yellow  oil,  possessing  an  aromatic  smell, 
separates  out,  which  appears  to  be  diazobenzene  hydroxide.  It  is  a 
most  unstable  body,  which  in  a  few  moments  decomposes  with  evolu- 
tion of  nitrogen  and  phenol. 

Diazo-amidobenzene  CqEL^'N 2-^11(0^11^  is  produced  by  adding  ani- 
line to  an  alcoholic  solution  of  diazobenzene  salt,  and  is  also  obtained 
by  passing  nitrogen  trioxide  into  a  cold  alcoholic  aniline  solution,  or 
by  adding  a  slightly  alkaline  solution  of  potassium  nitrite  to  a  solution 
of  aniline  hydrochloride.  It  is  insoluble  in  water,  and  crystallizes 
from  an  alcoholic  solution  in  golden-yellow  scales.  On  heating,  it 
explodes.     It  does  not  combine  with  acids,  but  yields  with  platinic 
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chloride  and  hydrochloric  acid  a  crystallized  double  salt  (CigHj^Nj, 
ClH)2+PtCl,. 

Amido-azobenzene  CgH5.N2.CgH^.NH2. — This  compound  is  isomeric 
with  diazo-amidobenzene,  and  is  obtained  by  leaving  the  latter  in 
contact  with  alcohol  and  an  aniline  salt.  It  is  also  produced  by 
passing  nitrogen  trioxide  into  a  warm  solution  of  aniline,  and  by 
reducing  mononitro-azobenzene  with  ammonium  sulphide.  Amido- 
azobenzene  crystallizes  from  alcohol  in  yellow  needles,  which  sublime 
at  a  high  temperature ;  it  is  found  in  commerce  under  the  name  of 
Aniline-yellow,  It  is  a  weak  base,  forming  salts  having  a  red  or 
violet  colour,  and  which  are  decomposed  by  water. 

On  heating  it  with  tin  and  hydrochloric  acid,  it  takes  up  hydrogen, 
and  is  resolved  into  aniline  and  diamidobenzene  ; — 

CwHuNj  +  2H,  =  CeH,N  +  C^H^N, 

This  reaction  shows  that  it  has  the  following  constitution  : — 

C,H,-N=N-CeH,.NH, 
whilst  the  isomeric  diazo-amidobenzene  is : — 

CeH,-N=N-NH.CeH, 

We  do  not  yet  know  why  diazo-amidobenzene,  when  in  contact 
with  an  aniline  salt,  undergoes  such  a  molecular  change;  a  small 
quantity  of  the  latter  being  suflScient  to  transform  a  large  quantity 

of  diazo-amidobenzene  into  amido-azobenzene. 

r  P  TT  NTT 

Triamido-azobenzene  Ng  i  q*h**/jji|  n  .—The  hydrochloride  of  this 

base  forms  the  principal  portion  of  Fhenylene-broton,  a  colouring 
matter  used  for  dyeing  woollen  goods,  which  is  manufactured  by 
adding  a  solution  of  sodium  nitrite  to  a  cold,  dilute  solution  of 
paramidobenzene  hydrochloride.  The  mode  of  formation  of  this  base 
is  quite  analogous  to  that  of  aniline-yellow.  The  diazo-diamido- 
benzene,  which  is  first  formed,  undergoes  a  molecular  change,  and  is 
transformed  into  triamido-azobenzene. 

Diazo-diamidobenzene  H2N.CgH^.N2.NH.CgH^.NH2 


Triamido-azobenzene    H2KCgH^.N2.CeH3  |  ^jj 


OXYBENZENES,   OR  PHENOLS. 

Monoxybenzene,  or  Common  Phenol  CgHg.OH. — This  compound, 
which  is  also  known  by  the  names  "  carbolic  acid  "  or  "  phenyl  alcohol," 
is  produced  in  quantity  by  the  destructive  distillation  of  coal,  wood, 
and  other  organic  substances.  It  occurs  in  small  quantity  in  human 
urine,  and  in  the  urine  of  herbivorous  animals,  and  in  castoreum. 
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Phenol  lias  been  obtained  synthetically  by  dissolving  acetylene  in 
fuming  sulphuric  acid,  and  fusing  the  sulpho-acid  thus  formed  with 
caustic  potash : — 

SCjHjSOaK  +  3K0H  =  CgHg.OH  +  2X^80^  +  K^SQs 

Phenol  is  manufactured  on  the  large  scale  by  agitating  heavy  coal- 
tar  oil,  boiling  above  150®,  with  a  concentrated  soda-solution,  to  which 
some  solid  caustic  soda  is  added.  A  crystalline  magma  is  formed, 
whilst  neutral  oils  are  left  undissolved.  After  the  latter  have  been 
separated,  the  soda-compound  is  decomposed  with  hydrochloric  acid, 
and  the  impure  phenol  again  treated  with  a  quantity  of  soda,  which 
is  insufficient  to  dissolve  the  whole ;  phenol  dissolving  in  alkalis 
more  readily  than  cresol  and  other  homologues,  which  are  present  in  the 
crude  product.  The  solution  is  exposed  to  the  air,  in  order  to  remove 
impurities  which  are  easily  oxidized,  and  soon  separate  as  a  tany 
matter.  The  clear  liquid  is  then  treated  with  hydrochloric  acid,  and 
the  phenol,  after  being  dried  over  calcium  chloride,  is  submitted  to 
fractional  distillation.  From  the  portion  boiling  below  190°,  phenol 
separates  out  in  crystals  on  cooling. 

Pure  phenol  may  also  be  obtained  by  heating  salicylic  acid  (oxy- 
benzoic  acid)  with  quicklime ;  this  reaction  is  quite  analogous  to  the 
formation  of  benzene  from  benzoic  acid : — 

^6^4 "I  CO.OH  "^  ^oHs-OH  +  CO2 

Pure  phenol  crystallizes  in  long,  colourless  needles,  melting  at  42°, 
and  boiling  at  184°.  It  possesses  a  characteristic  odour  and  a 
pungent  and  caustic  taste,  producing  white  blisters  on  the  tongua  It 
combines  with  water,  forming  a  crystallized  hydrate  2(CgH5.0H)+H,0, 
which  by  distillation  is  again  resolved  into  water  and  phenol. 

Pure  phenol  remains  unaltered  in  the  air,  but  the  commercial  pro- 
duct soon  absorbs  water,  and  is  converted  into  a  red  liquid.  It  is 
much  used  as  a  disinfectant,  and  for  the  conservation  of  wood,  because 
it  possesses  the  property  of  preventing  putrefaction. 

Ferric  chloride  produces  in  an  aqueous  solution  of  phenol  a  violet 
colour;  and,  with  a  little  ammonia  and  a  solution  of  bleaching- 
powder,  it  yields  a  fine  blue  colour.  The  best  reagent  for  phenol  is, 
however,  bromine-water  (see  tribromophenol). 

Methyl-plienyl  Ktlicry  or  Anisol  plj  ^  >  0. — ^This  compound  was  first 

obtained  by  distilling  anisic  acid  with  baryta,  and  is  easily  prepared 
by  heating  potassium  phenate  with  methyl  iodide.  It  is  a  coloruless 
liquid,  possessing  an  aromatic  odour,  and  boiling  at  152°.  By  heating 
it  with  hydriodic  acid  to  130°,  it  is  resolved  into  methyl  iodide  and 
phenol. 

Ethyl'phenyl  Ether,  or  Phenetol  CgHg.O.CjH^  is  obtained  in  a  similar 
way  from  ethyl  iodide  ;  it  is  an  aromatic  liquid,  boiling  at  172°. 
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Ethene-diphenyl  Ether  q^^^q  [  CgH^  is  obtaiued  by*  heating  ethene 

bromide  with  potassium  phenate.     It  is   insoluble  in  water,  and 
crystallizes  from  ether  in  shining  scales,  melting  at  98®*5. 

C  H   ) 

Diphenyl  Ether  ^^  J-  0  is  formed  by  the  action  of  phenol  upon 

dlazobenzene  sulphate : — 

C„HjNj.SO,H  +  CeHyOH  =  g«g<» }  0  +  SO,H,  +  Nj 

6     b  J 


It  is  a  crystalline  solid,  possessing  an  agreeable  odour,  melting  at  28*, 
and  boiling  at  246**.  This  ether  is  a  most  stable  compound,  which  i& 
not  reduced  by  red-hot  zinc-dust,  and  not  acted  upon  by  chromic  acid, 
nor  altered  by  heating  it  with  concentrated  hydriodic  acid. 

CHI 

Fhcnylp/iosphoric  Acid  jr    ^  f  PO^  is  formed  together  with  dipheny^ 

phosphoric  acid,  by  the  action  of  phenol  on  phosphorus  pentoxide. 

Triphenyl  phosphate  (Gq^^^^O^  is  a  colourless,  crystaUine  sub^ 
stance,  which  is  formed,  together  witli  chlorobeniene,  by  the  distilla«- 
tion  of  phenol  with  phosphorus  pentachloride. 

{OC  H 
QP^TT*  is  produced  by  heating  phenol  end 

carbonyl  chloride  in  closed  tubes  to  140®  to  150®.  It  crystaUiees  from 
alcohol  in  brilliant  silky  needles,  melting  at  78®.  On  heating,  it  gives 
off  an  agreeable  aromatic  odour,  and  sublimes  in  long  needlesi. 
With  potash  solution,  it  yields  potassium  carbonate  and  potassium 
phenate. 

C  H    ) 

Phenyl  Acetate  or  Acetyl-phenol  Ether  p^xr^/v  0  is  formed  by  the 

action  of  acetyl  chloride  on  phenol,  and  hcus  also  been  obtained  by 
heating  anhydrous  lead  acetate  with  carbon  disulphide  and  phenol  i-^ 


4aH^.0H  +  2 


® S  }  OsPb)  +  OS. 


"^(c'h'o  }  ^  )  +  ^^^  +  ^^2  +  2H,0 

It  is  a  colourless  liquid,  possessing  a  peculiar  smell,  and  the  same 
index  of  refraction  as  soft  German  glass ;  if,  therefore,  such  a  glass 
tube  be  dipped  into  the  liquid,  it  becomes  invisible.  It  boils  at 
200®. 

Phenyl  Sulphydrate,  or  Thiophenol  CgH^.SH. — This  body  has  been 
produced  by  reducing  benzenesulphonic  chloride  with  zinc  and  dilute 
sulphuric  acid ;  and  it  may  also  be  prepared  by  the  action  of  phos- 
phorus pentasulphide  on  phenol.  It  is  a  colourless,  strongly  refractive 
liquid,  boiling  at  165®,  and  possessing  a  penetrating,  disagreeable  smell 
Like  other  niercaptans,  it  forms  readily  metallic  compounds. 
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CHI 

Phenyl  Sulphide  p^xj^  J-  S  is  formed,  together  with  thiophenol,  by 

the  action  of  phosphorus  pentasulphide  on  phenol,  and  is  also  pro- 
duced by  the  dry  distillation  of  sodium  benzenesulphonate.  It  is  a 
limpid  liquid,  boDing  at  2i>2°,  and  possessing  a  disagreeable  alliaceous 
smell.    Nitric  acid  oxidizes  it  to  sulphobenzide. 

CHI 

Phenyl  DistUphide  ri^rr^  \  §2  ^^  obtained,  as  the  first  product,  when 

thiophenol  is  heated  with  dilute  nitric  acid,  and  forms  shining  white 

needles.   By  the  action  of  nascent  hydrogen,  it  is  again  converted  into 

thiophenol ;  and  by  boiling  it  for  a  long  time  with  nitric  acid,  it  is 

oxidized  to  benzenesulphonic  acid. 

(  OH 
Phenolsulphonic  Acid  CqH^  1  qh  H  * — '^^^  isomeric  acids  having 

this  composition  are  known,  both  being  formed  by  the  action  of  con- 
centrated sulphuric  acid  on  phenol.  When  a  solution  of  phenol  on 
sulphuric  acid  is  left  for  a  few  days,  the  chief  product  consists  of 
Tnetaphenolsulplwnic  acid,  and  only  a  small  quantity  of  paraphenol- 
sidphonic  acid  is  formed ;  whilst,  on  heating  the  mixture  gently,  more  of 
the  latter  is  obtained,  and  by  exposing  it  to  a  temperature  of  100° — 
110°,  the  meta-acid  is  completely  converted  into  the  para-acid. 

To  obtain  the  free  acids,  the  insoluble  basic  lead-salts  are  decom- 
posed by  hydrogen  sulphide,  and  the  solution  first  concentrated  on  a 
water-bath,  and  then  evaporated  in  vacuo ;  they  form  needle-shaped 
crystals.  The  meta-acid  is  not  easily  obtained  perfectly  pure,  as  on 
heating  its  solution  a  part  is  always  converted  into  the  para-acid. 
Both  form  crystalline  salts ;  those  of  the  para-acid  are  less  soluble  in 
water  than  the  meta-salts,  and  crystallize  in  different  forms. 

The  side-chains  in  the  meta-acid  have  the  position  1,  3,  as  on 
fusion  with  potash  it  yields  pyrocatechin,  whilst  the  para-acid 
belongs  to  the  series  1,  4  ;  as  by  fusing  it  with  potash  it  is  converted 
into  resorcin  (see  page  314). 

f  SO,H 

Phcnoldisulphonic  Acid  C^A  OH     is  obtained  by  heating  phenol 

i  SO3H 

with  a  large  quantity  of  concentrated  sulphuric  acid  for  a  long  time. 
On  neutralizing  the  dilute  solution  with  barium  carbonate,  and  eva- 
porating the  filtrate,  the  barium  salt  CgH8.0H(S03)2Ba  +  4H2O  is 
obtained  in  large  prismatic  crystals.  The  free  acid  is  very  soluble 
in  water,  and  crystallizes  in  small  needles.  Phcnoldisulphonic  acid 
may  also  be  produced  by  decomposing  diazobenzene  sulphate  with 
concentrated  sulphuric  acid.  Ferric  chloride  colours  the  free  acid,  as 
well  as  its  salts,  ruby-red. 
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NITROPHENOLS. 

Mononitrophenol  CgH^(.N02)0H  exists  in  three  isomeric  modifica- 
tions, of  which,  however,  two  only  have  been  carefully  examined.  They 
are  formed  together  by  the  action  of  cold  nitric  acid  (of  20  per  cent.) 
on  pure  phenol,  and  separated  by  submitting  the  mixture  to  a  current 
of  steam,  by  which  only  one  modification  is  volatilized.  The  volatile 
mono7iitraphenol  is  but  sparingly  soluble  in  water,  more  freely  in 
alcohol,  and  crystallizes  in  long,  transparent,  yellow  needles,  melting 
at  45°,  and  boiling  at  214  \  It  has  a  sweet  taste,  and  an  aromatia 
odour. 

The  second  compound  has  been  called  ortkoniirophenol ;  it  crystal- 
lizes from  boiling  water  in  brilliant,  colourless  needles,  assuming  a 
red  colour  in  the  light.  It  melts  at  110"*,  and  volatilizes  at  a  high 
temperature. 

The  solutions  of  both  compounds  have  an  acid  reaction,  and  they 
decompose  carbonates ;  their  salts  crystallize  well ;  the  silver  salts 
are  insoluble  in  water ;  that  of  the  volatile  nitrophenol  has  a  deep 
orange  colour,  and  silver  orthonitrophenate  is  a  scarlet  precipitate. 

a  Binitrophenol  CgH3(N02)20H  is  obtained  by  acting  with  nitric 
acid  of  specific  gravity  1*37  on  orthonitrophenoL  It  crystallizes 
from  boiling  water  in  yellowish- white  striated  plates,  melting  at  114°, 
and  is  a  strong  monobasic  acid. 

)S  Dinitrophenol  is  formed  together  with  the  a  compound  and  trini- 
trophenol  by  the  action  of  nitric  acid  on  the  volatile  nitrophenol. 
The  two  dinitrophenols  are  separated  by  preparing  the  barium  salts, 
which  are  repeatedly  re-crystallized ;  barium  a  dinitrophenate  being 
much  more  soluble  than  the  salt  of  the  fi  compound.  /3  dinitro- 
phenol crystallizes  from  water  in  short,  pointed,  yellow  needles,  and 
from  benzene  in  long,  thick  needles,  melting  at  64°. 

Trinitrophenol  or  Picric  Acid  C^^^O^jdK  is  the  final  product 
of  the  action  of  nitric  acid  on  phenol,  as  well  as  on  many  other  bodies 
containing  the  aromatic  nucleus,  such  as  salicin,  indigo,  gum-benzoin, 
balsam  of  Peru,  acaroid-resin,  aloes,  silk,  wool,  &c.  It  is  obtained  on 
the  large  scale  by  heating  phenol  with  nitric  acid  until  the  action 
ceases. 

Pure  picric  acid  crystallizes  from  water  and  alcohol  in  pale-yellow 
plates,  and  from  ether  in  fine  prisms,  melting  at  122°'5.  When  care- 
fully heated  it  sublimes,  but  on  heating  it  quickly  it  decomposes  with 
deflagration.  It  has  an  intensely  bitter  taste,  and  is  but  slightly 
soluble  in  cold  water,  and  more  freely  in  boiling  water. 

By  acting  on  it  with  a  solution  of  bleaching-powder,  it  yields 
chloropicrin  CClgNOg  (see  page  1U2)  and  tetrachloroquinone  CCl^Oj. 

Picric  acid  is  much  used  for  dyeing  silk  and  wool  yellow.  Its 
crystalline  salts  have  a  yellow  or  orange  colour. 

Potassium  picrate  CQH^{}f0^fiK  is  but  slightly  soluble  in  cold 
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water,  and  crystallizes  in  long,  shining  yellow  needles ;  by  heat  and 
by  percussion  it  explodes  with  an  extraordinary  violence,  and  is 
therefore  used  for  the  preparation  of  explosives. 

The  picrates  oi  sodium,  ammonium,  barium,  and  silver  are  readily 
soluble  in  water. 

Ethyl  picfate  C^H2(N02)30C2H5  is  produced  by  the  action  of  ethyl 
Iodide  upon  dry  silver  picrate.  It  crystallizes  in  long,  pale-yellow 
needles,  which  on  heating  first  melt,  and  then  decompose  with  a 
slight  explosion. 

By  the  action  of  phosphorus  pentachloride  upon  picric  acid,  trinu 
trochlorobenzene  CgH2(N03)3Cl  is  obtained,  a  crystalline  solid,  having 
an  aromatic  smelL  xhis  compound  has  been  also  called  picryl  chloride, 
because  it  is  decomposed  by  water,  analogous  to  other  acid  chlorides, 
into  picric  acid  and  hydrochloric  acid. 

This  reaction  shows  how  the  character  of  an  aromatic  compound  is 
modified  when  hydrogen  is  replaced  by  nitroxyL  Whilst  mono- 
chlorobenzene  is  not  acted  on  by  caustic  potash,  its  trinitro-compound 
is  readily  decomposed  by  water. 

Triniiro-amidohenzene,  or  Picramide  C^H2(N02)8N Hj,  is  produced 
by  acting  with  ammonium  carbonate  on  picryl  chloride,  or  by  heating 
ethyl  picrate  with  alcoholic  ammonia.  It  crystallizes  from  glacial 
acetic  acid  in  glistening  yellow  plates,  melting  at  187'.  On  heating 
it  stronger,  it  decomposes  without  explosion  ;  and,  by  boiling  it  with 
caustic  potash,  it  yields  ammonia  and  potassium  picrate. 

Picric  acid  combines  with  aromatic  hydrocarbons,  forming  com- 
pounds which  are  distinguished  by  their  characteristic  colours 
«r  crystalline  forms.  This  acid  is,  therefore,  often  used  for  the 
•detection  or  separation  of  such  hydrocarbons.  Thus  on  dissolving 
picric  acid  in  hot  benzene,  the  compound  C^Hg  +  C<,H2(N02)30H 
separates  out  on  coding  in  pale-yellow  transparent  crystaU,  melting 
at  149"* ;  it  dissolves,  without  decomposition,  in  alcohol  and  ether ; 
but  when  exposed  to  the  air,  benzene  is  dowly  given  ofi^,  whilst 
fdkalis  decompose  it  at  once. 

Isopurpuric  Acid,  or  Picrocyamic  Acid  CgHgNgO^.— The  potassium 
6alt  of  this  acid  is  formed  by  dissolving  picric  acid  in  a  solution  of 
potassium  cyanide  :-^ 


CeHaNjOy  +  3CNK  +  2Kfi  =  CgH.N^O.K  +  COjKj  +  NH, 


3 


Potassium  isopurpurate  crystallizes  in  reddish-brown  scales,  having 
a  beetle-green  lustre,  and  dissolving  in  water  and  alcohol  with  an 
intensely  red  colour;  it  explo<les  by  heat.  The  free  acid  is  not 
known,  but  a  great  number  of  salts  have  been  prepared.  The  am- 
monium salt,  which  is  obtained  by  double  decomposition  of  the 
potassium  salt  with  sal-ammoniac,  has  the  greatest  resemblance  to 
ammonium  purpurate  or  murexide,  and  is  used  for  dyeing.  Barium 
isopurpurate  ia  a  vermilion-red  precipitate,  which  is  soluble  in  hot 
water. 


THE  CARBON  COMPOUNDS.  337 

The  isopurpurates  are  decomposed  by  acids ;  the  liquid  gives  off  a 
pungent  smell ;  brown  flakes  separate  out ;  and  on  evaporating  the 
brown  solution  an  amorphous  residue  is  left  behind. 


AMIDO-COMPOUNDS   OF   PHENOL. 

{OH 
TT-»x  is  obtained  by  reducing  orthonitro- 

phenol  with  zinc  and  hydrochloric  acid.  It  is  a  brown  crystalline 
powder,  which  on  heating  sublimes,  with  partial  decomposition,  in 
white  needles ;  it  forms,  with  acids,  crystallizable  salts.  An  isomeric 
compound  is  produced  by  the  reduction  of  the  volatile  nitrophenol ; 
it  crystallizes  in  colourless  rhombic  plates,  which  readily  sublime ;  it 
is  also  a  base. 

Diamidophenol  CgHj-j  ^^i  ^^  °^^  7®^  h^en  obtained  in  a  pure 
state. 

IHnUro-am%dophenol  or  Picramio  Acid  O^EL<  OH     . — The  am- 

( (NOj), 
monium-salt  of  this  compound  is  fonued  by  the  action  of  hydrogen 
sulphide   on  ammonium  picrate.     By  decomposing  it  with  hydro- 
chloric acid,  picramic  acid  is  set  free ;  it  crystallizes  in  brilliant  red 
needles,  melting  at  165°,  and  forms  red-coloured  salts. 


DIAZOPHBNOL-COBIPOUNDS. 

The  chlorides  of  these  compounds  are  formed  by  treating  the 
hydrochlorides  of  the  two  amidophenols  with  alcohol  which  has  been 
saturated  with  nitrogen  trioxide. 

Orthodiazophenol  chloride  CgH^(0H)N2Cl  is  but  slightly  soluble  in 
alcohol,  and  crystallizes  in  long  colourless  needles.  The  second  diazo- 
phenol  chloride  dissolves  more  freely  in  alcohol,  and  forms  colourless 
rhombohedrons. 

Both  compounds  decompose  at  100°,  with  a  slight  explosion,  and 
yield,  when  treated  with  concentrated  hydriodic  acid,  the  correspond- 
ing iodophenols.  When  they  are  heated  with  hydft)chloric  acid, 
resinous  bodies  are  formed,  but  no  chlorophenols ;  the  latter  may, 
however,  be  obtained  by  submitting  the  platinum  double  salts  to  dry 
distillation. 

0  z 
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HALOID   SUBSTITUTION-PRODUCTS  OF  PHENOL. 

OrthocJdorophcnol  C^H^Cl.OH  is  the  first  product  of  the  action  of 
chlorine  on  phenol.  It  crystallizes  in  white  needles,  melting  at  4V, 
and  boiling  at  218^  It  possesses  a  faint  but  very  disagreeable  smell, 
and  is  very  caustic,  producing  white  blisters  on  the  skin.  An  isomeric 
compound  has  been  obtained  from  the  second  diazo-corapound,  as 
above  mentioned.  It  is  a  thick  oily  liquid,  having  a  peculiar  aromatic 
odour,  and  boiling  at  about  180*". 

{CI 
Q-K   is  obtained,   together  with  triehloro- 

phenol,  by  the  action  of  chlorine  on  phenol  or  chlorophenol.  To 
separate  the  two  compounds,  the  iQixture  is  treated  with  a  warm 
solution  of  sodium  carbonate,  by  which  only  the  trichlorophenol  is 
dissolved,  whilst  impure  dichiorophenol  is  left  behind  as  an  oily  liquid, 
which  is  purified  by  fractional  distillation  and  recrystallization.  It 
crystallizes  from  benzene  in  long  needles,  melting  at  43°,  and  boiling 
at  209". 

Trichlorophenol   CgHg-I  qA-   crystallizes  in  thin   white   needles, 

melting  at  61°,  and  boiling  at  244°.  It  possesses  a  strong,  disagree- 
able odour,  and  is  a  monobasic  acid. 

(  CI 
TetraMorophcnol  C^H  \  qA  is  not  known  in  a  pure  state. 

Pentackloroph-enol  or  PerMorophenol  CgCl5.0H  is  readily  obtained 
by  the  action  of  chlorine  on  a  mixture  of  phenol  and  antimony  tri- 
chloride. The  crude  product  is  purified  by  distilling  it  with  steam 
at  180° — 200°.  It  crystallizes  from  petroleum-naphtha  in  thin,  long, 
brilliant  needles,  melting  at  187° ;  its  alcoholic  solution  colours  blue 
litmus  red.  At  the  common  temperature  it  is  odourless,  but  when 
heated  it  gives  off  a  very  pungent  odour,  and  its  dust  produces  violent 
sneezing.  Pho^horus  pentachloride  converts  it  into  hexachloro- 
benzene.  When  its  potassium  salt  is  heated,  it  is  resolved  into 
potassium  chloride  and  perchlorophenylene  oxide  CgCLO,  which  is 
insoluble  in  alcohol  and  most  other  solvents,  but  dissolves  freely  in 
boiling  nitrobenzene,  and  crystallizes  on  cooling  in  flat  needles,  re- 
semblin;^  benzoic  acid.  It  melts  at  320°,  and  boils  above  the  boiling- 
point  of  mercury.  As  this  compound  has  such  a  high  boiling-point, 
it  has  probably  the  following  constitution : — 


< 


(Br 


MonobromopJienol  C^H^  <  qtt  is  obtained  by  dissolving  bromine  and 
phenol  in  glacial  acetic  acid,  and  gradually  mixing  the  well-cooled 


THE  CARBON  COMPOUNDS.  33.) 

solutions.  It  forms  large  colourless  crystals,  resembling  alum;  it 
melts  at  64°,  and  boils  at  236". 

f  Br 

Dibromophenol  C^H^-J  qjJ  is  produced  by  the  further  action  of 

bromine,  and  forms  glistening,  white  crystals,  melting  at  40**,  and  sub- 
liming even  at  the  common  temperature. 

{Br 
qA  is  obtained  as  a  crystalline  precipitate 

by  adding  bromine  water  to  an  aqueous  solution  of  phenol.  It  is 
quite  insoluble  in  water,  and  this  reaction  may  be  used  for  the  quan- 
titative determination  of  phenol,  as  well  as  for  detecting  small 
quantities  of  it — for  example,  in  urine,  or  in  drinking  water  from 
wells  situated  near  gas-works,  &c.  Aniline  and  some  other  bodies 
give  similar  precipitates  with  bromine  water;  but  that  produced 
by  phenol  differs  from  these  by  being  easily  reduced  to  phenol,  which 
can  be  recognized  by  its  characteristic  sraelL  This  reduction  is 
readily  effected  by  treating  tribromophenol  with  dilute  sulphuric  acid 
and  sodium  amalgam. 

Tetra-  and  Pentahromophenol  are  also  known ;  both  are  crystalline 
solids. 

Moniodoplienol  CgH^-!  q^t   oxists  in  three  isomeric  modifications. 

The  two  of  these  are  formed  together  by  actii^g  with  iodine  and  iodic 
acid  on  an  alkaline  solution  of  phenol : — 

5CeH5.0H  +  21,  +  HIO3  =  5CeHJ.0H  +  SH^O 

OrthO'iodophmol  is  also  obtained  pure  by  boiling  diazo-iodobenzene 
sulphate  with  water.  It  forms  flat,  glistening  needles,  possessing 
a  faint  but  disagreeable  smell;  nitric  acid  decomposes  it  with  the 
separation  of  iodine. 

Meta-iodophenol  is  an  oDy  liquid,  but  has  not  yet  been  obtained 
perfectly  pure. 

Paraiodophenol  has  been  prepared  from  the  diazo-iodobenzene 
sulphate  obtained  from  para-iodaniline.  It  crystallizes  in  needles, 
and  yields,  with  fuming  nitric  acid,  substitution-products,  without 
iodine  being  liberated.  The  same  compound  is  also  formed,  together 
with  a  small  quantity  of  its  isomerides,  by  acting  with  iodine  on 
phenol  in  the  presence  of  mercuric  oxide : — 

2CeH,.0H  -f  2I2  -h  HgO  =  2C6HJ.OH  -f-  Hgl,  -f  H^O 

DIOXYBENZENES. 

The  three  isomeric  dioxybenzenes  have  been  prepared  by  fusing 
iodophenols  with  caustic  potash  : — 

7.  2 
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Hydroqxdnone  is  prepared  by  heating  ortho-iodophenol  with  potash 
to  180°.  This  body  was  first  obtained  by  suspending  quinone  C^H-Oj 
(see  below)  in  water,  and  passing  sulphur  dioxide  into  it  until  8 
colourless  solution  is  formed : — 

CeH,  {  o>  +  2H,0  +  SO,  =  C,H,  |  gg  +  SO.H, 

Hydroquinone  crystallizes  in  rhombic  prisms,  melting  at  172**,  and 
subliming  with  partial  decomposition  at  a  higher  temperature.  It 
exists  as  glucoside,  called  arbutin,  in  the  leaves  of  the  bearberry 
{Arbutvs  Uva  ursi)  and  other  Ericaceae ;  when  arbutin  is  boiled  with 
dilute  sulphuric  acid,  it  is  resolved  into  hydroquinone  and  dex- 
trose : — 

^«^*  {  OC^HiiOj  +  H  }  ^  "  ^«^*  {  OH  +  ^eHigO^ 

Hydroquinone  does  not  yield  substitution-products  with  bromine 
and  chlorine,  because  these  elements  oxidize  it  first  to  quinone.  But 
substituted  hydroquinones  are  readily  formed  by  the  action  of  sulphur 
dioxide  and  water  on  chloro-  and  bromo-quinones. 

Dinitrohydroquinone  C^Hg  -j  /titq  ?  • — By  the  action  of  concentrated 

nitric  acid  on  arbutin,  dinitroarbutin  is  formed,  which,  on  boiling  with 
very  dilute  sulphuric  acid,  is  resolved  into  dextrose,  and  dinitrohydro- 
quinone.  It  crystallizes  in  golden-yellow  plates,  dissolving  with  a 
blue  colour  in  alkalis. 

Quinone  C^H^^  q>. — This  compound  was  first  obtained  by  oxi- 
dizing quiuic  acid  CgHy(0H)^C02H  with  manganese  dioxide  and 
sulphuric  acid;  and  it  is  also  formed  by  the  oxidation  of  hydro- 
quinone and  several  other  derivatives  of  benzene. 

Quinone  is  a  very  volatile  body,  subliming  readily  in  brilliant 
golden-yeUow  needles,  possessing  a  suffocating  smell,  liie  iodine.  It 
is  but  slightly  soluble  in  cold  water,  more  freely  in  boiling  water  and 
alcohol  and  ether ;  the  solution  has  a  yellow  colour,  and  produces 
brown  stains  on  the  skin. 

f  O  OC  H  OH 

Quinhydrone,  or  green  Hydroquinone  C^H^  4  oop^tt^qij*  is  formed 

by  the  incomplete  reduction  of  quinone  with  sulphurous  acid,  and  by 
the  direct  combination  of  quinone  and  hydroquinone.  It  is  also  pro- 
duced by  adding  chlorine-water  gradually  to  a  solution  of  hydro- 
quinone : — 

P  TT  /  on  ,  HO.C«H,.OH  ^  opi       p  VT  i  O.OaH,.OH  .    .^^, 
CeH,  I  0  ji  +  HO.CXOH  "*■    ^  "    '   '  \  O.OcX-OH  +  ^^^ 

Quinhydrone  crystallizes  in  smooth,  long  needles,  possessing  a 
splendid  beetle-green  lustre,  and  a  faint  smell  of  quinone,  and  dis- 
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solving  in  hot  water,  with  a  brown  colour.  In  cold  water  it  is  almost 
insoluble,  and  by  boiling  water  it  is  resolved  into  hydroquinone  and 
quinone,  which  volatilizes  with  the  steam.  By  oxidation,  it  is  readily 
converted  into  quinone,  and  by  reduction  into  hydroquinone. 

Phenoquinone  C^H^k  q'qp^u^- — This  beautiful  body  is  produced 

by  boiling  an  aqueous  solution  of  one  part  of  pure  phenol  with  two 
and  a  half  parte  of  chromic  acid.  It  readily  volatilizes  with  steam, 
and  is  freely  soluble  in  water.  Ether  dissolves  it  from  ite  aqueous 
solution,  and  on  evaporation  it  is  left  behind  as  a  crystalline  mass, 
which,  by  sublimation,  yields  long,  splendid  red  needles,  possessing  a 
green  metellic  lustre,  and  a  faint,  pungent  smell,  and  melting  at  71°. 
Phenoquinone  has  also  been  obtained  by  the  action  of  phenol  upon 
quinone : — 

^CT^  i^^^  HO.C,H,  _  p  TT  J  O.OCeH^  .  ^  „  /OH 
2CeH, I  o>  -^  HO.CX        '    '  I  O.OcX  ^    '    '  \  OH 

Monochoroquinone  CgHjClOg"  is  obtained  by  the  action  of  chlorine 
on  quinone ;  it  forms  long,  yellow  needles,  which,  by  the  action  of 
sulphurous  acid,  are  converted  into  colourless  monochlorhydroquinone 
C^HgC^OH)^,,  a  compound  which  is  also  produced  by  evaporating  a 
solution  of  quinone  in  strong  hydrochloric  acid. 

Dichioroquinone  CgHjClgOg"  crystallizes  in  large  yellow  prisms ;  by 
the  action  of  sulphurous  acid,  it  yields,  first,  h^jcachloroquinhydrone, 
which,  by  further  reduction,  is  converted  into  dichlorohydroquinone. 

Trichloroquinone  CgHClgO/'. — By  adding  a  mixture  of  phenol  and 
potassium  chlorate  to  dilute  hydrochloric  acid,  a  reddish-yellow  crys- 
talline mass  is  obtained,  consisting  of  a  mixture  of  trichloroquinone 
and  tetrachloroquinone.  To  separate  them,  they  are  reduced  by  means 
of  sulphurous  acid,  and  the  chlorinated  hydroquinones  exhausted 
with  boiling  water,  which  only  dissolves  trichlorohydroquinone,  which, 
by  oxidation,  is  reconverted  into  trichloroquinone,  crystallizing  in 
large,  thin,  yellow  plates,  melting  at  163",  and  easily  subliming. 

TdraMoroquinone,  or  Chloranil  Cfi\fiJ\ — This  body  is  produced 
(generally  together  with  trichloroquinone)  oy  the  action  of  potassium 
clJorate  and  hydrochloric  acid  upon  all  substances  which  yield  picric 
acid,  when  boiled  with  nitric  acid. 

It  crystallizes  in  brilliant,  golden-yellow  scales,  which  are  insoluble 
in  water,  slightly  in  cold  and  freely  in  hot  alcohol,  and  sublime  at  a 
high  temperature.  It  is  a  very  stable  compound,  and  not  acted  upon 
by  concentrated  sulphuric  acid,  nitric  acid,  and  aqua  regia.  On  heat- 
ing it  with  phosphorus  pentachloride,  it  is  converted  into  hexaMoro- 
benzene  CgCL  By  boiling  it  with  a  solution  of  sulphurous  acid,  it 
yields  tetraailin'ohydroquiiione  or  chlorohydranil,  small  white  plates, 
which  are  insoluble  in  water. 

Chloranilic  Add  Q^.C[fi^'  <  qtt. — Chloranil   dissolves    in    dilute 
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warm  potash-solution  with  a  red  colour,  and  on  cooling  purple  needles 
of  potassium  chloranilate  crystallize  out — 

CeCl,0%  +  4K0H  =  CeClgO^  {  qk  "*■  ^^^^  "^  ^^^^ 

By  decomposing  this  salt  with  sulphuric  acid,  chloranilic  acid  is 
obtained  in  small  reddish-white  plates,  which,  after  drying,  assume 
the  colour  of  red  lead,  and  dissolve  in  water  with  a  violet  colour. 

CfUoranilamic  Acid  Cfilfi^^^  qtt*. — The  ammonium  salt  of  this 

acid  is  obtained  by  dissolving  choranil  in  ammonia.  The  free  acid 
crystallizes  in  almost  black  needles,  having  a  diamond-lustre.  By 
heating  it  with  dilute  acids,  it  is  converted  into  chloranilic  acid. 

Pyivcatechin,  or  Oocyphenic  Add  CgH^  ■!  qtt- — This  second  dioxy- 

benzene  is  found  amongst  the  products  of  the  distillation  of  wood, 
and  in  several  vegetable  extracts,  such  as  "  kino,"  "  catechu,"  &c. ; 
and  has  also  been  found,  but  in  small  quantity  only,  in  the  green 
leaves  of  the  Virginian  creeper.  It  is  also  produced  by  heating 
oxysalicylic  acid : — 

CeH3  j  CO.OH  =  CeH,|  gg  +  CO, 

and  by  fusing  metaphenolsulpbonic  acid  or  meta-iodophenol  with 
potash. 

Pyrocatechin  is  readily  soluble  in  water  and  alcohol,  and  crystal- 
lizes in  square  prisms,  melting  at  112°,  and  boiling  at  245",  but 
subliming  at  a  lower  temperature  in  shining  plates.  Its  alkaline 
solution  absoAs  oxygen,  and  becomes  dark-green,  and  then  black. 
The  aqueous  solution  of  pyrocatechin  gives,  with  lead  acetate,  a  white 
precipitate  C^jH^OgPb,  and  assumes  a  green  colour  by  adding  ferric 
chloride. 

r  OH 

Pyrocatechi%'^nuthyl  Ether,  or  Guaiacol  C^H^  <  ocTf '  ^    found 

amongst  the  pi'oducts  of  dry  distillation  of  "  guaiacum  "  and  beech- 
wood,  and  forms  a  chief  constituent  of  the  genuine  or  wood-tai 
creosote.  It  has  been  also  produced  artificially  by  heating  pyro- 
catechin with  caustic  potash  and  potassium  methylsulphate — 

f^eH,  {  ;]J[  +  ^^J^  }  SO,  =  C,H,  {  gCH,  ^  K^SO, 

it  is  -a  colourless  liquid,  boiling  at  205**, -and  possessing  an  aromatic 
smelL  By  beating  it  with  concentrated  hydriodic  acid,  it  is  resolved 
nto  methyl  iodide  and  pyrocatechin. 

Risorcin  CH^  -j  ^jj. — This  body  is  formed  by  fusing  several  resins 
or  gum-resins  (as  galbanrtiln),  or  €3cta:act  of  sapan-wood  and  other 
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dye-woods,  with  caustic  potash ;  and  it  has  also  been  produced  by  the 
action  of  caustic  potash  upon  benzenedisulphonic  acid,  paraphenol- 
sulphonic  acid»  and  para-iodophenol. 

It  forms  colourless,  triclinic  crystals,  melting  at  99**,  and  boiling  at 
271^  It  is  very  soluble  in  water,  and  possesses  a  sweetish  and  harsh 
taste.     Its  aqueous  solution  is  coloured  dark  violet  by  ferric  salts. 

When  a  solution  of  nitrous  acid  in  nitric  acid  is  added  to  a  cold 
and  dilute  etherial  solution  of  resorcin,  it  is  converted  into  diazo- 
resorcin  CigH^gNjO-,  dissolving  in  acetic  acid  with  a  dark  cherry-red 
colour,  and  crystalLiring  in  small  granular  crystals,  having  a  green, 
metallic  lustre. 

By  the  action  of  hot  sulphuric  acid,  or  hydrochloric  acid,  this 
compound  is  converted  into  diazoresornfin  CggHjgN^Og,  separating 
from  hot  hydrochloric  acid  in  small  dark-red  and  brilliant  granular 
crystals.  It  dissolves  in  alkalis  with  a  crimson  colour;  the  dilute 
solution  exhibits  a  splendid  vermilion-red  fluorescence. 

By  heating  diazoresorcin  with  acetyl  chloride  in  sealed  tubes,  the 
compound  C^HjQN.ClgOig  is  formed,  crystallizing  from  acetic  acid  in 
yellow  scales,  and  dissolving  in  alkalis  with  a  splendid  violet  colour. 
Hot  nitric  acid  converts  it  into  the  tetrazo-compound  C^HjgN'i^CL033, 
crystallizing  in  small  purple  plates,  the  etherial  solution  of  wnich 
shows  a  rejJly  surprising  vermilion-red  fluorescence. 

(  OH 

Mononitroresordn   Q^^(^0\  <  qtt   is   contained  in  considerable 

quantity  in  the  mother-liquid  from  the  preparation  of  diazoresorcin. 
It  crystallizes  in  very  thin  and  long,  straw-coloured  needles,  and 
forms  three  series  of  salts,  the  colour  of  which  is  lemon-yellow, 
golden-yellow,  and  dark  orange. 

Trinitroresorcin,  or  Styphnic  Acid  C^H  (1102)2  \  qtt,  is  obtained  by 

the  action  of  nitric  acid  upon  resorcin,  and  all  resins  and  extracts 
which  yield  resorcin  on  fusion  with  potash.  It  crystallizes  in  pale- 
yellow  hexagonal  prisms,  and  possesses  a  very  astringent  taste.  Its 
reddish-yellow  salts  crystallize  well,  and  when  Jieated  explode  even 
more  violently  than  the  picrates. 


TKiOXYBENZEKES. 


(OH 
Jrf  CM  A  OH.—: 

(oh 


Pyrogallol,  or  Pyrogallic  Acid  CM  A  OH. — This  body  is  foinjed 

(oh 

when  gallic  acid  CeH,(0H)3C0jH  is  heated  to  200^  It  crystallizes 
in  shining  white  needles,  and  is  readily  soluble  in  water ;  the  solution 
has  no  acid  reaction,  and  colours  ferrous  salts  dark-blue,  and  ferric  salts 
red.  By  exposing  an  alkaline  solution  to  the  air,  it  rapidly  absorbs 
oxygen,  and  assumes  a  dark  colour;  it  is  therefore  used  to  absorb 
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oxygen  from  a  mixture  of  gases,  but  it  is  not  adapted  for  a  quantitatiye 
determination  of  oxygen,  because  there  is  always  a  small  quantity  of 
carbon  monoxide  formed  at  the  same  time.  By  boiling  it  with  con- 
centrated caustic  potash,  it  is  decomposed  into  acetic  acid,  oxalic 
acid,  and  carbon  dioxide.  The  salts  of  silver,  gold,  &c.,  are  reduced 
to  the  metallic  state  by  pyrogallic  acid. 

By  the  action  of  acetyl  chloride  on  pyrogallol,  tri^icetyl-pyrogaUci 
C^^{().G^fi\  is  obtained,  a  white  crystalline  solid ;  and  by  acting 
on  pyrogallol  with  bromine,  it  yields  tribromapyrogcUlol  CgBrg(OH)y 
separating  from  alcohol  in  large  colourless  crystcds. 

roH 

Phloroglucin  CgHjK  OH  is  produced  by  fusing  phloretin,  quercitrin, 

(oh 

or  maclurin  (see  Glucosides)  with  caustic  potash ;  and  is  also  obtained 
by  the  same  reaction  from  kino,  dragon's-blood,  gamboge,  &c.  It 
crystallizes  from  an  aqueous  solution  in  large  rhombic  prisms,  con- 
taining two  molecules  of  water,  and  possessing  a  sweet  taste.  The 
anhydrous  compound  melts  at  220^  and  sublimes,  when  heated  more 
strongly.  It  forms  deliquescent  salts  with  alkalis,  and  reduces  alka- 
line copper-solutions.  Ferric  chloride  imparts  to  its  aqueous  solution 
a  deep- violet  colour;  By  treating  it  with  acetyl  chloride,  it  is  con- 
verted into  triacetyl'phJordglilcin  CgH3(O.C2H30)j,  which  crystallizes 
in  small  prisms.  By  adding  bromine-water  to  an  aqueous  solution  of 
phloroglucin,  a  precipitate  of  tribromopMoroglucin  CgBr8(0H)-  is 
produced,  which  crystallizes  in  long  needles.  By  the  action  of  dilute 
nitric  acid,  it  is  converted  into  nifrophlorogltunn  CgH2.N02(0H)3, 
ciystallizing  in  small  reddish-yellow  plates.  When  phloroglucin  is 
dissolved  in  ammonia,  ^A/orrtmtW  or  amidophloroglucin  CqA^^NB.^)' 
(0H)2  is  formed,  which  is  not  freely  soluble  in  alcohol,  and  crystal- 
lizes in  small  thin  plates,  resembling  mica ;  it  is  a  base,  forming  crys- 
talline salts. 

rOH 
Filicic  Add,  or  Dibutyryl'2'>hloroglucin  C^Hj-J  OC^H^O,  occurs  in 

I  OC.HyO 
the  root  of  the  male  fern  {Aspidium  Filix-mas),  and  is  deposited 
from  the  etherial  extract  of  this  toot  in  crystals.     On  fusing  it  with 
caustic  potash^  it  is  resolved  into  butyric  acid  and  phloroglucin. 


METALLIC  DEKIVATltES  OF  BENZENE. 

C  H  ) 

Meraity'diphenyl  n^i/  \  Ug  is  formed  by  the  action   of  sodium 

amalgam  on  bromobenzene.  It  is  insoluble  in  water,  and  crystallizes 
from  benzene  in  long  colourless  prisms,  melting  at  120^  A  small 
qusmtity  may  be  sublimed  by  heating  it  carefully ;  but  on  heating  a 
larger  quantity  to  above  300°,  decomposition  sets  in ;  and  benzene, 
diphenyl,  carbonaceous  matter,  and  free  mercury  are  formed.     By  the 


CeH 
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action  of  acids,  it  is  decomposed  into  benzene  and  a  mercuric  salt ; 

and  when  it  is  heated  with  iodine,  according  to  the  proportion  of  the 

two  bodies  present,  either  iodobenzene  and  phenylmercuric  iodide 

— [  ) 

^  >  Hg  are  formed,  or  iodobenzene  and  mercuric  iodide. 

CHI 

Stannic-phenyl  Triethide  /p  t|  \^  r  Sn  is  obtained  by  the  action  of 

sodium  upon  a  mixture  of  bromobenzene  and  triethyl-stannic  iodide. 
It  is  a  colourless,  strongly  refractive  liquid,  boiling  at  254° ;  its  vapour 
slowly  absorbs  oxygen.  By  the  action  of  iodine,  it  is  resolved  into 
iodobenzene  and  triethyl-stannic  iodide. 


ADDITIVE  COMPOUNDS   OF  BENZENE. 

Benzene  HexcuMoride  C-HgCl^  is  obtained,  by  the  action  of  chlorine 
on  benzene,  in  the  sunshine  or  at  the  boiling-point,  in  colourless 
crystals,  melting  at  157"*,  and  boiling,  with  partial  decomposition,  at 
288*^.  On  heating  it  with  alkalis,  it  is  resolved  into  hydrochloric 
acid  and  trichlorobenzene. 

A  similar  compound  is  Benzene  Hexahromide  CgH^Br^. 

Benzene  Trichlorhydrin  C^Hg(Cl8)(OH)3  is  formed  by  shaking 
benzene  with  aqueous  hydrochlorous  acid.  It  is  slightly  soluble  in 
water,  and  freely  in  alcohol  and  benzene,  and  crystallizes  at  a  low 
temperature  in  small  plates,  melting  at  10^  By  the  action  of  a  dilute 
solution  of  sodium  carbonate,  an  amorphous  deliquescent  mass  called 
phenose  CgHg(OH)g  is  obtained,  which,  as  well  as  the  trichlorhydrin, 
yields,  when  heated  with  hydriodic  acid,  moniodobenzolene  C^Hj^I,  a 
heavy,  colourless  liquid,  which  boils  without  decomposition. 

Trichlorophenomalic  Acid  CgHgCLOg  is  produced,  together  with 
oxalic  acid,  chlorinated  benzenes,  and  quinones,  &c.,  by  the  action  of 
moderately  strong  sulphuric  acid  and  potassium  chlorate  on  benzene. 
It  crystallizes  from  a  warm,  aqueous  solution  in  colourless  plates. 
By  boiling  it  with  alkalis,  it  is  decomposed  with  the  formation  of 
fumaric  acid. 


COMPOUNDS  WITH   SEVEN  ATOMS   OF  CARBON. 


METHYL-BENZENE   OK  TOLUENE  CgHg.CHy 

This  hydrocarbon  is  found  in  the  light  oils  from  coal-tar  and  wood- 
tar,  and  also  among  the  products  of  dry  distillation  of  balsam  of 
tolu,  dragon's-blood,  and  other  resins.  It  has  been  formed  synthetically 
by  adding  sodium  to  a  mixture  of  bromobenzene,  methyl  iodide,  and 
pure  anhydrous  ether,  and  keeping  the  mixture  cold.   As  soon  as  the 
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actiou  is  over,  the  product  is  distilled^  and  the  toluene  isolated  by 
fractional  distillation.  Pure  toluene  is  also  produced  by  distilling 
the  isomeric  acids  CgH^(GHj)C02H,  and  similar  acids,  with  lime. 

Toluene  is  a  limpid  liquid,  boiling  at  111^  and  smelling  like 
benzene.  It  has  the  specific  gravity  0*88  at  0"",  and  does  not  solidify 
at  —  20^     On  oxidation  it  yields  bienzoic  acid. 


SUBSTITUTION-PRODUCTS  OJ*  TOLUENE. 

When  chlorine  is  passed  into  toluetie,  and  the  liquid  is  kept  cold 
during  the  action,  or  when  chlorine  acts  on  the  hydrocarbon  in  the 
presence  of  iodine,  only  the  hydrogen  in  the  aromatic  nucleus  is 
replaced,  whilst  the  actfon  of  pure  chlorine  on  the  boiling  hydrocarbon 
produces  only  substitution  in  the  methyl-group. 

The  chlorine  in  these  latter  compounds  is  easily  replaceable  by 
other  elements  or  radicals,  whilst  the  aubstitution^-producta  contain- 
ing the  chlorine  in  the  aromatic  nucleus  are  as  stable  bodies  as 
the  chlorobenzenes. 

By  treating  any  of  the  products  thus  obtained  with  chlorine  and 
iodine,  further  substitution  takes  place  only  in  the  aromatic  group  ; 
but  by  acting  on  the  boiling  compounds  with  pure  chlorine,  only  the 
hydrogen  of  the  methyl  is  replaced. 

By  means  of  these  reactions  the  following  substitution-products 
have  been  obtained,  to  which  are  added  some  isomerides,  which  have 
been  formed  by  other  reactions,  and  stand  in  the  second  or  third  line. 
The  numbers  afi^ed  to  these  compounds  indicate  the  position  of  th 
chlorine  (see  page  314)« 
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More  than  seven  atoms  of  chlorine  cannot  be  introduced  into 
toluene,  as,  by  the  further  action  of  chlorine  upon  the  last  substitu- 
tion-products, the  molecule  is  decomposed  with  the  formation  of 
hexachlorobenzene. 

1'4  Monochlorotoluenc  is  formed  by  the  direct  action  of  chlorine 
upon  toluene,  and  the  isomeric  1'3  compound  has  been  obtained  from 
toluidine,  which  is  first  converted  into  acetoluide,  and  the  latter  treated 
by  chlorine.  The  chlorinated  compound  yields,  on  boiling  with 
alkalis,  monochlortoluidine,  which  is  converted  into  a  diazo-compound 
and  the  latter  decomposed  by  absolute  alcohol : — 

CeHjCl  {  ^^Q  jj  +  C,H,.OH  =  C,H,CLCH3  +  N^  +  H,SO,  +  C^,0 

When  bromine-vapour  is  passed  into  boiling  toluene,  substitution 
takes  place  only  in  the  methyl  group,  and  the  first  product  formed  is 
i^nzyl  bromide  C^Hg.CHjCl,  but  by  acting  with  bromine  on  toluene  in 
the  cold  two  isomeric  bromotoluenes  are  produced. 

14  Bromotoluene  forms  rhombic,  colourless  crystals,  melting  at 
28-5",  and  boiUng  at  181^ 

1*3  Br<ymotoluene  is  a  liquid  which  does  not  crystallize  at  a  low 
temperature,  and  boils  at  181''. 

By  the  further  action  of  bromine  on  toluene  in  the  cold,  dibromo- 
toluene  CgHjBr2.CHj  is  obtained,  a  crystalline  solid,  melting  at  18ff*, 
and  boiling  at  245**. 

Iodine  substitution-products  of  toluene  have  been  obtained  from 
the  three  isomeric  amidotoluenes  by  converting  them  into  diazo-com- 
pounds,  and  decomposing  the  latter  with  hydriodic  acid. 

12  lodotoluene  and  1*3  lodotoliiene  are  liquids,  both  boiling  at 
204**,  whilst  1*4  lodotoluene  crystallizes  in  shining,  thin  plates, 
melting  at  35^  and  boiling  at  211*'-5. 


NITRO-SUBSTITUTION-PRODUCTS. 

NUrotoluenes  C-H^(N02)CH3. — By  dissolving  toluene  in  fuming 
nitric  acid,  and  adding  water  to  the  solution,  a  heavy  oily  liquid, 
resembling  nitrobenzene,  is  obtained,  which  is  a  mixture  of  two 
isomerides ;  they  may  be  separated  by  continued  fractional  distillation. 

1*4  Nitrotoluene  crystallizes  in  colourless  prisms,  melting  at  54**, 
and  boiling  at  237**.  By  oxidizing  it  with  dUute  nitric  acid,  it  is 
converted  into  paranitrobenzoic  acid. 

1*2  Nitrotoluene  is  a  liquid  which  does  not  solidify  in  a  freezing 
mixture,  and  boils  at  223** ;  boiling  dilute  nitric  acid  has  hardly  any 
action  on  it. 

1*3  Nitrotohcene  has  been  produced  by  converting  1*4  amido- 
toluene  into  a  nitro-amidotoluene,  which  was  transformed  into  a 
diazo-compound,  and  the  latter  decomposed  by  alcohol.     It  forms 
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colourless  crystals,  melting  at  16^  and  boiling  at  227^  Dilute  nitric 
acid  oxidizes  it  to  common  nitrobenzoic  acid. 

Dinitrotoluene  CgH3(N02)2CH3  exists  in  two  forms.  One  of  them 
is  produced  by  the  action  of  hot  concentrated  nitric  acid  ojj  toluene, 
1*4  nitrotoluene,  or  1*2  nitrotoluene.  It  crystallizes  from  alcohol 
in  long,  colourless,  brittle  needles,  melting  at  71**.  The  second  foru> 
is  obtained  by  the  action  of  concentrated  nitric  acid  on  1*3  nitro- 
toluene ;   it  forms  long,  yellow  needles,  melting  at  60°. 

Trinitroioltiene  C^^2(^^i)3^^s  ^  formed  by  boiling  toluene  fop 
some  days  with  a  mixture  of  fuming  sulphuric  and  nitric  acids.  It 
is  sparingly  soluble  in  alcohol,  and  forms  long  needles  at  82^  By 
treating  IS  nitrotoluene  in  the  same  way,  another  trinitrotoluene  is 
obtained,  crystallizing  as  carbon  sulphide  in  sma]J  plates,  melting  a^ 
about  82^ 


AMTOOTOLUBNES. 

(  GH 

Toluidine  or  1*4  Amidotoluene  C^H^  -I  -^^^^  is  formed  by  the  reduc-r 

tion  of  the  corresponding  nitrotoluene,  and  nas  also  been  produced 
from  methyl-aniline ;  by  heating  the  hydrochloride  of  the  latter  base 
to  835*^  (the  melting-point  of  lead),  it  undergoes  a  molecular  change, 
and  is  converted  into  toluidine  hydrochloride.  It  piystallizes  fix)m 
aqueous  alcohol  in  large  transparent,  shining  plates,  melting  at  45°, 
and  boiling  at  202°.  It  possesses  a  peculiar  odour,  and  is  sparingly 
soluble  in  water ;  its  aqueous  solution  is  coloured  brown  by  a  solution 
of  bleaching-powder.  Toluidine  has  in  its  reactions  the  greatest  re- 
semblance to  aniline,  and  forms  salts,  most  of  which  crystallize  well. 
The  most  characteristic  is  the  oxalate,  which  is  but  sparingly  soluble 
in  water  and  alcohol,  and  insoluble  in  ether. 

Pseudotoluidine  or  12  Amidotoluene  is  formed  by  the  reduction  of 
the  corresponding  nitrotoluene.  It  is  a  colourless  liquid,  remaining 
fluid  at  —  20°,  and  boiling  at  198°.  Its  aqueous  solution  is  coloured 
blue  by  bleaching-powder,  and  its  oxalate  is  freely  soluble  in  water, 
alcohol,  and  ether. 

The  commercial  toluidine  and  heavy  aniline  are  mixtures  of  the 
two  toluidines  and  aniline.  To  separate  the  three  bases,  they  are 
converted  into  oxalates,  which  are  crystallized  from  hot  water. 
Toluidine  oxalate,  which  crystallizes  first,  is  purified  by  recrystal- 
lization,  and  decomposed  by  soda-solution.  The  mother-liquor  is 
evaporated  to  dryness,  the  residue  exhausted  with  ether,  the  etherial 
solution  evaporated,  and  the  residue  treated  with  soda-solution ;  and 
thus  pure  pseudotoluidine  is  obtained. 

Pseudotoluidine  has  also  been  produced  from  1*4  bromotoluene, 
which,  by  the  action  of  concentrated  nitric  acid,  yields  two  isomeric 
nitrobromotoluenes ;  one  being  a  liquid,  is  present  in  a  smaller 
quantity  than  the  solid  one.    By^reducing  the  latter,  an  amidobromo- 
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toluene  is  formed,  which,  by  the  action  of  water  and  sodium-amalgam, 
is  converted  into  pseudotoluidine. 

1*3  Amidotoluene  is  produced  by  reducing  1*3  nitrotoluene  ;  it  is 
a  liquid  boiling  at  19T*,  and  giving,  with  bleaching-powder  solution,  a 
blue  colour,  like  pseudotoluidine. 

The  three  amidotoluenes  yield  three  acetoluides  C^H^  -j  nhVo  OH 
differing  from  each  other  by  their  solubilities  in  water : — 

1,000  parts  of  water  dissolve  at  22^    0*89  parts  of  V4,\ 

1*3  VAcetoluide. 
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NUro-amidotoluene  C^B^CB^^X  yrrJ^- — This  compound  exists    i 

four  modifications.  The  first  is  obtained  by  reducing  the  dinitro- 
toluene,  melting  at  71**  with  ammonium  sulphide ;  it  melts  at  77**5, 
and  forms  crystalline  salts.  By  converting  it  into  a  diazo-compound, 
and  decomposing  this  with  absolute  alcohol,  1*2  nitrotoluene  is  formed. 
.  The  three  other  modifications  haye  been  prepared  by  nitrating  the 
three  isomeric  acetoluides,  and  decomposing  the  product  with  alkalis. 
1*4  toluidine  yields  a  nitrotoluidine,  melting  at  114°;  it  does  not 
combine  with  acids,  and  its  diazo-compound  yields  1*3  nitrotoluene. 
The  nitrotoluidine  from  1'2  toluidine  forms  yellow  needles,  melting  at 
128°,  and  is  but  a  feeble  base;  by  the  action  of  nitrous  acid  and 
alcohol  it  is  converted  into  1*3  nitrotoluene.  The  fourth  modifica- 
tion of  nitro-amidotoluene  is  obtaiQed  from  1*3  toluidine ;  it  crystal- 
lizes in  dark-yellow  needles,  melting  at  134**,  and  forms  unstable 
salts  ;  its  diazo-compound  is  readily  converted  into  1*2  nitrotoluene. 
The  constitution  of  these  four  nitrotoluidines  is  shown  by  the 


following  formulae : — 


Melting-point  77°-6 


NO, 


NH, 


128'* 


\/ 


NH, 
NO, 


184* 
CH. 


\/ 


NO, 
NH, 


DIAMIDOTOLUENES   C«H-.CH 


6' 


We  know  three  compounds  having  this  composition.  2-4  diamidO' 
iolvene  is  obtained  by  reducing  the  dinitrotoluene,  melting  at  71*^ 
with  tin,  and  hydrochloric  acid.  It  forms  long,  colourless  needles, 
melting  at  99**,  and  boiling  at  280^  3*4  diamidotoltcene  is  formed 
by  reducing  the  nitrotoluidine,  melting  at  114**;  it  crystallizes  in 
scales,  melting  at  88'**5,  and  boiling  at  265^    Nitrotoluidiue,  melting 
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at  128^ yields  23  diamidotoluenCy a  crystalline  body,  melting  at  about 
80^  and  boiling  at  270^* ;  it  readily  absorbs  pxygen,  and  assumes  a 

blue  colour. 

By  the  action  of   ammonium  sulphide  on    trinitrotoluene,  two 

amido-compoundsare  formed;  dinitroamidQtolueneC^E^iCH^  |  j^jj  *^* 
which  crystallizes  in  small  yellow  ^eedles,  melting  at  168^  and 
nUrodiamidotoluene  CJ^^i^^^  { f'sit^  '  ^^^^^  ^^  Ipnsma  melting 
at  132^ 


OXYTOLUBNES. 

(  OH 
Cresol  CgH^  <  prr  . — ^The  cresol  contained  in  coalrtar  consists  chiefly 

of  paracresol  or  1*4  cresol. 

The  pure  compound  is  most  conveniently  prepared  by  converting 
solid  toluidine  into  diazotoluene  sulphate,  and  decomposing  the 
latter  with  water.  It  crystallizes  in  white  needles,  melting  at  SS^'-S, 
boiling  at  200°,  and  smelling  like  phenoL  The  same  compound  is 
also  obtained  by  fusing  1*4  toluenesulphonic  acid  with  caustic  potash  ; 
this  sulpho-acid  is  formed  together  with  the  1*2  acid  by  dissolving 
toluene  in  sulphuric  acid. 

(  CH 

Cresol-methyl  Ether  C^H^  -<  qqIt  is  obtained  by  heating  the  potas- 
sium compound  of  1*4  cresol  with  methyl  iodide.  It  is  a  liquid 
possessing  an  aromatic  odour,  and  boiling  at  174^ 

Metacresol,  or  1*2  cresol,  is  produced  by  the  action  of  caustic  potash 
upon  1'2  toluenesulphonic  acid.     It  is  a  liquid  boiling  at  190^ 

Orthocresol,    or     1*3     Cresol,    has    been    obtained    from    thymol 

(OH 

CgHgK  CHo,  a  compound  to  be  described  afterwards.     By  heating  it 

(  C3H7 

with  phosphorus  pentoxide  it  is  resolved  into  propylene,  and  ortho- 

cresol,  a  colourless  liquid,  boiling  at  about  200^ 

(  OH 
Dinitrocresol  CgH2(NO)2  -J  qjj  *  is  produced  by  the  action  of  nitrous 

acid  upon  solid  toluidine  ;  it  forms  yellow  cr}'stal3,  melting  at  84^ 

An  isomeric  compound  is  contained  in  the  so-called  ''Victoria- 
yellow,"  or  "  aniline-orange."  This  colouring  matter,  of  unknown 
origin,  consists  principally  of  the  sodium  salt  of  a  dinitrocresol,  which 
crystsdlizes  in  pale-yellow  needles,  melting  at  190^ 

Trinitrocresol  CgH2(N03)30H  has  great  resemblance  to  picric  acid, 
but  is  much  less  soluble  in  water,  and  may  therefore  easily  be  obtained 
in  the  pure  state  by  boiling  commercial  cresol  (containing  phenol) 
with  nitric  acid. 
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DIOXYTOLUENES. 

Homopyrocatechin  and  Creosote, — The  genuine  or  wood-tar  creosote  is 
obtained  from  the  products  of  dry  distillation  of  beech- wood,  and  is  a 
mixture  containing  phenol,  cresol,  phlorol  CaH«(CHj,)«OH,  guaiacol 

{OH 
OCH  •   C^^^sol  ^s  *  liquid  boiling 

at  219^  and  possessing  an  aromatic  odour;  by  heating  it  with  con- 
centrated hydriodic  acid,  it  yields  methyl  iodide,  and  homopyrocatechin 

f  OH 
Cfi^GVL^  \  QTT,  which  forms  a  syrupy  liquid, 

Orcin  CgH3(CH3)  |  qtt. — AU  the  lichens  (species  of  RoceUa  and 

Jjecanora)  which  are  used  in  the  preparation  of  archil  and  litmus 
contain  either  free  orcin,  or  certain  acids,  and  compound  ethers,  which, 
under  the  influence  of  heat  or  alkalis,  yield  orcin : — 

Oreellinic  Acid. 

CeH,(CHj)(OH)jCOjH  =  CeHgCCHgXOH),  +  CO, 

Erythrin. 

C:?S](S2]:ca8  }  CA(OH),  +  2H,0  = 

Orsellinic  Acid.  Erythrite. 

2CeH,(CH3)(OH),COjH  +  C,H,(OH), 

Picroerythrite. 

C,H,(CU^(OH),CO  1 0  +  H,0  =  CeH,(CH,)(OH),CO,H  +  C,H,(OH), 

To  prepare  orcin,  the  lichens  are  macerated  with  milk  of  lime,  and 
the  filtrate  precipitated  with  hydrochloric  acid.  The  precipitate,  after 
being  washed  with  water,  is  boiled  with  milk  of  lime  in  a  flask 
provided  with  a  long  neck,  and  the  liquid,  after  filtration,  freed  from 
the  lime  by  carbon  dioxide.  The  solution  is  then  evaporated  to 
dryness,  and  the  residue  exhausted  with  benzene,  which  dissolves 
orcin,  and  leaves  impure  erjrthrite  behind. 

Orcin  has  also  been  produced  by  dissolving  monochlorotoluene  in 
warm  concentrated  sulphuric  acid,  and  converting  the  two  isomeric 
sulphonic  acids,  which  thus  are  formed,  into  the  barium  salts,  which 
are  easily  separated  by  re-crystallization,  one  being  readily  soluble  in 
water,  and  the  other  not.  On  converting  the  latter  into  potassium  salt, 
and  fusing  this  with  potash,  orcin  is  formed : — 

CeH^CCH,)  {  gj)^^  +  2K0H  =  C.H.CCH,)  |  gg  +  KCl  +  K,SO, 

Orcin  is  also  produced  together  with  para-oxybenzoic  acid,  when 
aloes  is  fused  with  caustic  potash. 

Orcin  crystallizes  from  water  in  monoclinic  prisms  containing  one 
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molecule  of  water,  and  melting  at  SS"".  The  anhydrous  compound 
melts  at  86°,  and  boilg  at  290°.  It  has  an  intense  sweet,  but  nau- 
seous taste,  and  dissolves  in  water,  alcohol,  ether,  and  chloroform ; 
its  aqueous  solution  gives  with  ferric  chloride  a  deep  violet  colour. 

OreiijL  forms  readUy  metallic  compounds,  and  decomposes,  in  the 
fused  state,  sodium  carbonate.  On  passing  the  vapour  of  nitric  acid 
containing  nitrous  acid  over  it,  it  assumes  first  a  brown  colour,  and 
afterwards  becomes  intense  red;  the  product  thus  formed  dyes  on 
wool  and  silk  a  fine  red  shade.  With  a  solution  of  bleaching-powder 
it  gives  a  violet  colour,  which  soon  disappears  ;  its  alkaline  solutions 
absorb  readily  oxygen,  and  become  brown  or  red. 

Oroin  combines  also  with  dry  ammonia  forming  a  deliquescent 
compound,  which,  when  exposed  to  the  air,  is  converted  into  orcein 
C7H7NO3  :— 

CyHgOg  +  NH3  +  0.  =  C7H7NO3  +  2H2O 

Orcein  is  an  amorphous  red  powder,  which  is  sparingly  soluble  in 
water,  and  more  freely  in  alcohol  with  a  scarlet  colour.  In  alkalis  it 
dissolves  with  a  purple  colour ;  this  solution  is  precipitated  by  many 
metallic  salts,  red  or  purple  lakes  being  formed. 

Orcein  is  the  colouring-matter  of  Archil,  which  is  prepared  by 
treating  the  lichens  with  hot  aqueous  ammonia  in  presence  of  air. 

The  same  lichens  are  used  for  preparing  Litmus,  which  is  generally 
obtained  from  Lecanora  iartarea  by  steeping  it  in  urine,  and  adding 
lime  and  potassium  carbonate.  The  mixture  is  exposed  to  the  air, 
and  frequently  stirred  up ;  after  a  few  weeks,  a  blue  solution  is 
formed,  which  is  thickened  with  chalk  or  gypsum,  and  formed  in 
small  cakes. 

The  colouring-matter  of  litmus  is  probably  a  product  of  oxidation 
of  orcein ;  it  has  been  obtained  pure  by  adding  soda-crystals  to  an 
ammoniacal  solution  of  orcein,  and  exposing  the  lic^uid  to  the  air  at  a 
temperature  of  60°  to  80°.  On  adding  hydrochloric  acid  to  the  blue 
solution,  the  colouring-matter  is  precipitated  in  red  flakes  ;  it  is  not 
freely  soluble  in  water,  forming  a  pale-red  solution,  which  becomes 
blue  by  adding  an  alkali.  Litmus  contains,  therefore,  a  weak  acid, 
forming  salts  having  a  blue  colour ;  the  commeixjial  product  contains 
the  potassium  salt. 

Trichlorotoluquinone  Cfil^iCHj)  <  q^  is  obtained  by  treating  cresol 

from  coal-tar  with  dilute  hydrochloric  acid  and  potassium  chlorate. 
It  is  sparingly  soluble  in  cold  and  freely  in  hot  alcohol,  and  crystallizes 
in  pale-yellow  scales.  Sulphurous  acid  converts  it  into  trichlorotolu- 
hydro^inone  CgCl8(CH5)(OH)2,  forming  small  white  needles,  which  by 
oxidaxion  are  readily  reconverted  into  the  quinone. 
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BENZYL  COMPOUNDS. 


The  radical  Benzyl  is  contained  in  a  series  of  compounds  which  in 
many  reactions  exhibit  the  closest  analogy  with  the  compounds  of  the 
monad  alcohol-radicals.  Tliey  differ,  however,  from  the  latter  by  con- 
taining the  aromatic  nucleus,  and  forming,  therefore,  also  products  of 
substitution,  corresponding  to  the  derivatives  of  benzene. 

Benzyl  Chloride  C^Ig.CFIgCl  is  easily  obtained  by  passing  the 
required  quantity  of  chlorine  into  boiling  toluene,  and  purifying  the 
product  by  fractional  distillation.  It  is  a  limpid,  refractive  liquid, 
boiling  at  176°. 

Benzyl  Bromide  CgHg.CHoBr  is  produced  by  the  action  of  bromine 
on  boiling  toluene.  It  boils  at  199^  and  possesses  an  irritating 
odour. 

Benzyl  Iodide  CgHg.CHgT.— To  prepare  this  compound,  one  part  of 
benzyl  chloride  is  mixed  with  five  parts  of  concentrated  hydriodic 
acid,  and  the  mixture  kept  in  the  dark  for  three  weeks,  and  frequently 
almken.  Pure  benzyl  iodide  is  a  white  crystalline  solid,  melting  at 
24° ;  it  cannot  be  distilled,  and  decomposes  at  240°.  Its  odour  is  very 
iiTitating,  and  produces  a  copious  flow  of  tears. 

Benzyl  Alcohol  CgHg.CHjOH  was  first  produced  by  treating  its 
aldehyde  (oil  of  bitter  almonds)  with  alcoholic  potash,  which  acts 
violently  upon  it,  half  of  the  aldehyde  being  reduced  to  the  alcohol, 
and  the  other  half  oxidized  to  benzoic  acid : — 

2C6H5.COH  +  KOH  =  C«Hj.CH5,0H  -h  CeH5.CO.OK 

Benzyl  alcohol  is  also  formed  by  acting  with  nascent  hydrogen  on 
the  aldehyde  or  benzoic  acid,  and  may  be  prepared  by  adding  sodium 
amalgam  gradually  to  a  boiling  solution  of  benzoic  acid.  It  has  also 
been  produced  by  decomposing  the  acetate  with  caustic  potash. 

Benzyl  alcohol  is  a  liquid  boiling  at  207°,  and  possessing  an 
aromatic  odour.  Oxidizing  agents  convert  it  into  benzaldehyde  and 
benzoic  acid,  and  the  hj'dracids  of  the  chlorine-group  transform  it 
into  the  corresponding  haloid-ethers.  On  distillation  with  concentrated 
potash-solution,  it  yields  toluene  and  benzoic  acid  : — 

2CoH,.CH2.0H  =  CeHj.CHj  -I-  CgHg.CO.OH 

V  Yi  CH  1 
Dihenzyl  Ether  Q^TT^pxr^  \  0  has  been  prepared  by  heating  tli 

alcohol  with  fused  boron  trioxide  ;  it  is  an  oily  liquid,  boiling 
(ibove  300°. 

V  H  CH  1  ' 

Benzyl  Acetate     «  ,V  ^A  >-  0  is  readily  produced  by  heating  the 

chloride  or  bromide  with  potassium  or  silver  acetate,  or  by  the  action 
of  sulphuric  acid  on  a  mixture  of  acetic  acid  and  benzyl  alcohol.  It 
is  an  oily  liquid,  which  possesses  an  agreeable  odour,  and  boils 
at  210°. 
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Benzyl  Hydromlphide,  or  Benzyl  Mercaptan,  CgH^.CH2.SH,  is  a 
colourless  strongly  refractive  liquid,  which  is  formed  by  acting  with 
alcoholic  potassium  hydrosulphide  on  benzyl  chloride.  It  possesses 
a  strong  alliaceous  odour,  and  boils  at  195°.  With  mercuric  oxide  it 
forms  the  crystalline  mercaptide  (CgHs.CHoS)^!!^. 

Benzyl  Sulphide  q^jt^'qjj^  j-  S  is  formed  by  treating  the  chloride 

with  an  alcoholic  solution  of  potassium  sulphide.  It  crystallizes  in 
white  needles,  melting  at  49°,  and  decomposing  at  a  higher  tempera- 
ture.    Nitric  acid  oxidizes  it  to  beiizyl  sulphoxide   (C«H..CHo)„SO. 

Benzyl  Bisulphide  p^u^  njj^S  f  ^^  formed  by  exposing  the  hydro- 
sulphide  to  the  ail*;  it  crystallizes  in  colourless  scales.  Nascent 
hydrogen  converts  it  again  into  the  mercaptan. 


NITROGEN   BASES  OF  BENZYL. 

These  bases  are  formed  by  heating  benzyl  chloride  with  alcoholic 
ammonia.  The  hydrochlorides  thus  obtained  can  be  easily  separated  ; 
that  of  benzylamine  being  freely  soluble  in  water,  whilst  the  salt  of 
the  diamine  is  but  sparingly  soluble  in  cold,  but  readily  in  hot  water, 
and  that  of  the  triamine  almost  insoluble. 

Benzylamine  C^^.GYiJSli^  is  a  colourless,  strongly  alkaline  liquid 
boiling  at  1 85°.  It  is  soluble  in  water,  absorbs  carbon  dioxide  f lom 
the  air,  and  neutralizes  acids,  forming  crystalline  salt.  The  pure 
compound  is  also  readily  obtained  by  heating  benzyl  chloride  with 
silver  cyanate,  and  distilling  the  product  with  potash. 

Dibenzylamine  {C^^.CK^^VL  is  a  thick  oily  liquid,  which  is 
insoluble  in  water,  and  distils  at  a  high  tempei-aiuiu  without  decom- 
position. 

Tribenzylamin£  {GQll^.Cll^^lif  forms  colourless  needles,  which  are 
insoluble  in  water,  but  dissolve  in  hot  alcohol.  It  melts  at  91**,  anil 
boils  above  300°.  On  heating  it  in  a  current  of  gaseous  hydrochlori*^ 
acid,  it  is  resolved  into  benzyl  chloride,  and  dibenzylamine  hydro- 
chloride. 

C-Hj-CHj }-  N  +  2HC1  =  CsHg.CHjCl  +  C^Hj-CHj  J-N.HCl 

c„h,.chJ  hJ 

C  H  CH  ) 

Benzyl  Carbimide    ^    ^'  ^,^?  >  N. — This  compound,  commonly  called 

benzyl  cyanate,  is  obtained  by  distilling  the  chloride  with  silver  cyanate. 
It  is  a  colourless  liquid,  boiling  at  200".  It  is  easily  transformed  by 
heat  into  the  polymeric  benzyl  isocyamcrate  {C^^.C^^^{GO^)^  which 
compound,  therefore,  is  the  chief  product  of  the  above  reaction ;  it 
crystallizes  from  alcohol  in  very  light,  silky  needles,  melting  at  157° 


and  boiUng  at  320' 


A  A  2 


356  THE  CHEMISTRY  OF 

BenzyU  Urea  CO  <  jj jj/q  h  CH  )  "*   produced  by  acting  on  the 

cyanate  with  alcoholic  ammonia.  It  forms  white  needles,  melting  at 
144°.  It  does  not  combine  with  nitric  acid,  but  yields  with  hydro- 
chloric acid  and  platinum  chloride  an  insoluble  precipitata 

DihmMyl-Urea  CO  {  nhS&h'^ CH*)  ^  f^™®^'  together  with  carbon 
dioxide,  by  heating  the  isocyanurate  with  water  in  sealed  tubes,  or 
by  heating  benzyl-urea : — 

^p^  f  NH2  pri  I  NH(CeH5.CH^  .  ro  /  ^^^ 

2C0 1  NH(C«H,.CH,)  =  CO i  NHCcXchS  "^  ^^  1  NhJ 

It  crystallizes  from  alcohol  in  white  needles,  melting  at  167^ 

C  H  CH  1 

Benzyl  StUphocarbimide,  or  Benzyl  Mustard-oU    •    *    CS  i  ^*  When 

benzylamine  is  dissolved  in  carbon  disulphide,  it  combines  with  it, 
forming  henzyl-mlphocarbamic  acid  ;  on  heating  this  compound  with 
alcohol  and  mercuric  chloride,  it  yields  benzyl  mustard-oil : — 

CSJggtH  *"   '    %HgCl,  =  N{g^2-CeH5^Hgg^2HCl 

It  is  a  crystalline  solid,  melting  at  243^  and  smelling  like  water- 

cress.  This  compound  is  isomeric  with  tolyl  mtistard-oil  ^  -{  nt   **       * 

which  has  been  obtained  by  an  analogous  reaction  from  solid  toluidine. 
Tolyl  mustard-oil  forms  large  pointed  prisms,  melting  at  26^  boiling 
at  237°,  and  smelling  like  the  oil  of  anise-seecL 


PHOSPHORUS  BASES  OF  BENZYL. 

The  monophosphine  and  diphosphine  are  formed  together  by 
heating  l>enzyl  chloride  with  phosphonium  iodide  and  zinc  oxide  to 
160°.  The  two  compounds  are  separated,  like  the  corresponding 
methyl  bases  (see  page  96). 

Benzylphosphi7ie  C^H^.GK^lHTl^  ^^  ^  colourless,  very  refractive  liquid, 
boiling  at  180°,  and  possessmg  a  very  peculiar  and  persistent  odour. 
When  exposed  to  the  air,  it  absorbs  oxygen  so  rapidly,  that  the 
temperature  rises  to  above  100°,  and  thick  white  fumes  are  formed. 
The  hydriodide  crystallizes  in  long  white  needles,  and  is  readily 
decomposed  by  water. 

Diheni&ylpk4>8phvne  {CM^.GH^^K  crystallizes  from  hot  alcohol  in 
glistening)  stellate  needles,  having  neither  taste  nor  smell. 
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SUBSTITUTED  BENZYL  COMPOUNDS. 

Chiorohenzyl  Alcohol  C^H^C1.CH2.0H. — ^To  prepare  this  compound, 
silver  acetate  is  heated  with  chiorohenzyl  chloride  (see  page  347),  and 
the  acetate  thus  formed  acted  upon  by  ammonia.  The  alcohol  foims 
long  needles,  melting  at  66'' ;  oxidizing  agents  convert  it  into  chloro- 
dracylic  or  1*4  chlorobenzoic  acid. 

livMoTolenzyl  Alcohol  CgH3Clj.CH2.OH  has  been  obtained  from 
dichlorobenzyl  chloride ;  it  crystallizes  in  needles  melting  at  77**. 

NitTohmzyl  Alcohol  C^jH^(N02)CH2.0H  is  produced  together  with 
nitrobenzoic  acid  by  acting  with  alcoholic  potash  on  nitrobenzaldehyde. 
It  is  a  thick,  oily  liquid,  which  is  decomposed  by  heat. 

Paranitrdbenzyl  Alcohol  is  prepared  by  dissolving  benzyl  acetate  in 
fuming  nitric  acid,  and  heating  the  nitro-compound  with  ammonia. 
It  crystallizes  from  hot  water  in  colourless  needles,  melting  at  OS"", 
and  yields  on  oxidation  para^trobenzoic  acid. 

Nitrobenzyl  Hydrosulphide  C^H^fNO^CHySH. — This  mercaptan  is 
obtained  by  treating  nitrobenzyl  chloride  with  alcoholic  ammonium 
sulphide,  or  boiling  potassium  hydrosulphide.  It  crystallizes  from 
alcohol  in  small  glistening  plates,  melting  at  140''. 


BENZOYL  COMPOUNDS. 

BenzonitrUe  CgHg.CN. — This  compound  has  been  produced  by  dif- 
ferent reactions : — 

(1.)  By  distilling  a  mixture  of  potassium  cyanide  and  potassium 
benzenesulphonate : — 

CeH5.S0jK  +  KCN  =  C«H^.CN  +  SOjK, 

(2.)  By  heating  ammonium  benzoate  CgHg.CO.ONH^  or  benzamide 
CgHg.CCNH,,  with  phosphorus  pentoxide. 

(3.)  By  heating  the  isomeric  phenyl  carbamine  or  cyanobenzene  for 
three  hours  to  220^  :— 

CeHj-NC  =  CeH5.CN 

It  is  therefore  also  formed  when  phenyl  mustard-oil  is  heated  with 
finely-divided  copper : — 

^*CS  }  N  +  2Cu  =  Cu,S  -h  CeH,.CN 

and  further,  it  is  obtained  by  distilling  formanilide  with  strong  hydro- 
chloric acid : — 


C,H,N  {  goji  =  C.H,.CN  +  H,0 
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In  tliese  two  last  reactions  the  carbamine  is  first  formed,  but  under 
the  influence  of  heat  converted  into  the  more  stable  nitrile. 

Benzonitrile  is  a  colourless,  oily,  and  refractive  liquid,  boiling  at 
19 r,  and  smelling  like  bitter  almonds.  On  heating  it  with  alcoholic 
potash,  it  yields  ammonia  and  potsissiura  benzoate,  and  nascent 
hydrogen  converts  it  into  benzylamine  : — 

Nitrdbcnzmiitrile  CgH^(N02)CN  is  obtained  by  dissolving  the  nitrile 
in  fuming  nitric  acid.  It  crystallizes  in  white  needles;  reducing 
agents  convert  it  into  amidohenzonitrile  CgH^(NH2)CN,  crystallizing 
in  long  prisms,  melting  at  52",  and  boiling  at  290^  This  base  forms 
crystalline  salts  ;  by  heating  it  with  strong  hydrochloric  acid,  it  yields 
ammonium  chloride  and  amidobenzoic  acid. 

Benzaldehyde  CgHg.COH  is  the  chief  constituent  of  oil  of  bitter 
almonds.  This  oil  does  not  exist  in  the  free  state  in  these  seeds,  but 
as  glucoside  called  amygdalin,  which,  under  the  influence  of  a  ferment, 
is  resolved  into  benzaldehyde,  prussic  acid,  and  glucose  (see  Gluco- 
sides).  Benzaldehyde  is  also  formed  by  oxidizing  benzyl  alcohol,  and 
by  distilling  a  mixture  of  calcium  benzoate  and  formate  : — 

CgHg.CO.OH  +  CHO.OH  =  C^HjCOH  +  CO^  +  H^O 

Another  reaction  by  which  this  aldehyde  is  produced  consists  in 
passing  the  vapour  of  benzoic  acid  over  heated  zinc-dust : — 

CeH^.CO.OH  +  Zn  =  CoHg.COH  +  ZnO 

To  obtain  the  pure  aldehyde  from  oil  of  bitter  almonds,  it  is  shaken 
with  a  cold  saturated  solution  of  acid  sodium  sulphite  ;  the  compound 

C  OH 

CgHg.CH  -J  gQ  ^     being  formed,  which  separates  out  in  crystals. 

•  ^  *       s 

After  being  washed  with  cold  alcohol,  to  remove  prussic  acid,  the 

compound  is  decomposed  by  distilling  it  with  a  solution  of  sodium 

carbonate. 

Pure  benzaldehyde  is  a  limpid  and  very  refractive  liquid,  possessing 
a  very  characteristic  smell,  and  boiling  at  180°.  It  readily  absorbs 
oxygen,  being  converted  into  benzoic  acid ;  this  oxidation  takes  place 
quickly  by  heating  it  with  dihite  nitric  acid,  whilst  fuming  nitric  acid 
forms  nitrobenzaldehyde  CgH^(N02)C0H,  a  crystalline  solid,  which 
volatilizes  on  heating. 

When  benzaldehyde  is  distilled  with  phosphorus  pentachloride,  it 
yields  benzi/lene  dichloride  CgHg.CHClg,  a  colourless  liquid  boiling  at 
215®.  The  same  compound  is  produced  by  the  further  action  of 
chlorine  on  boiling  benzyl  chloride.  It  may  be  reconverted  into  the 
aldehyde  by  heating  it  with  caustic  potash  or  mercuric  oxide : — 

C«H,.CHCl2  +  HgO  =  C„H,.CHO  +  HgCl^ 
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By  means  of  these  reactions,  artificial  oil  of  bitter  almonds  is  now 
manufactured  from  toluene. 

Sulplwbenzaldchyde  CgHg.CHS  forms  colourless  crystals  melting  at 
70*" ;  it  is  prepared  by  heating  benzylene  dichloride  with  an  alcoholic 
solution  of  potassium  sulphide. 

C.H,.CH  I  If 

Hydrohenzamidey  or  Benzylenediamine  CgH^.CH  1  ^^t  »  ^  produced  by 


C^Hg.GH 


N 


leaving  benzaldehyde  or  its  chloride  in  contact  with  aqueous  ammonia ; 
it  crystallizes  in  octahedrons,  and  is  resolved  by  boiling  water  into 
benzaldehyde  and  ammonia. 

Amarine  G^Ji^^^ — This  isomeride  of  hydrobenzamide  is  obtained 
by  the  action  of  heat  on  the  latter  compound,  and  is  also  produced  by 
passing  ammonia  into  an  alcoholic  solution  of  benzaldehyde.  Amarine 
crystallizes  in  glittering  prisms  melting  at  100'';  it  has  poisonous 
properties,  and  is  a  base  forming  sparingly  soluble  salts. 

Lophine  Ca^HigNg  is  formed  by  distilling  hydrobenzamide  or  ama- 
rine ;  it  is  a  oase,  crystallizing  in  long  needles,  melting  at  270^ 

When  potassium  cyanide  is  added  to  an  alcoholic  solution  of  benz- 
aldehyde, or  cnide  oil  of  bitter  almonds  (containing  prussic  acid)  is 
mixed  with  alcoholic  potash,  the  aldehyde  is  converted  into  benzoin 
Cj^HigOj,  a  compound  which  is  a  derivative  of  the  radical  stilhene 
Cj^Hij,  and  will  be  described  afterwards. 


BENZOIC  ACID,   OR  PHENYLFORMIC  ACID   CaH-.CO.OH. 


This  acid  occurs  in  gmn  Benzoin  (from  Styrax  benzoin),  and  is  some- 
times found  in  the  urine  of  herbivora,  which  always  contains  hippuric 
or  benzamidacetic  acid.  Benzoic  also  exists  as  glucoside,  called 
populin,  in  the  bark  and  leaves  of  the  aspen.  It  has  been  produced 
artificially  by  several  reactions. 

(1.)  All  aromatic  hydrocarbons  containing  only  one  alcohol-radical 
are  convei-ted  by  oxidation  with  dilute  nitric  acid  or  chromic  acid  into 
benzoic  acid.  It  is  also  formed  by  oxidizing  benzyl  alcohol,  benzalde- 
hy  de,phenylacetic  acid  CgH^.CH2.C02H,  cinnamic  acid  CgH5.C2H2.CO2H 
and  similar  acids,  and  occurs  among  the  products  of  oxidation  of 
albuminous  substances. 

(2.)  Sodium  benzoate  is  formed  by  passing  carbon  dioxide  into  a 
mixture  of  bromobeuzene  and  sodium  : — 

CgH5.Br  +  CO2  +  Na2  =  CeHg.COgNa  +  NaBr 

(3.)  By  treating  the  same  mixture  with  ethyl  chlorocarbonate,  it 
yields  ethyl  benzoate : — 

CgHgBr  +  CO  I  Q(.  jj   4-  Na2  =»  CgH^.CO.OCjH^  +  NaBr  +  NaCl 
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(4.)  When  the  sodium  salts  of  formic  acid  and  benzenesulpkonic 
acid  are  flised  together,  sodium  benzoate  is  formed : — 

C^Hj^.SOjNa  +  CHOgNa  =  HNaSOj  +  C^Hg.COjNa 

Benzoic  acid  is  also  produced,  together  with  phthalic  acid 
CflH^(C02H)2,  formic  acid,  and  other  products,  by  treating  benzene 
with  manganese  dioxide  and  dilute  sulphuric  acid.  If  some  formic 
acid  be  previously  added  to  the  benzene,  the  yield  of  benzoic  acid  is 
increased  ;  and  from  this  it  appears  that  benzoic  acid  is  produced  by 
the  simultaneous  oxidation  of  benzene  and  formic  acid :— 

C«H,  +  CH,0,  +  0  =  C,H5.C0,H  +  H,0 

Benzoic  acid  is  obtained  from  gum  benzoin  by  carefully  heating 
the  coarsely-powdered  resin  in  a  shallow  iron  pan,  over  which  a  sheet 
of  paper  pierced  with  a  number  of  pin-holes  is  stretched,  and  the 
whole  is  then  covered  with  a  cap  of  stiff  paper.  The  vapour  of  the 
acid  condenses  in  the  cap  in  light,  feathery  crystals,  possessing  the 
fragrant  odour  of  the  gum,  which  is  due  to  a  small  quantity  of  a 
volatile  oil.  A  more  productive  method  consists  in  boifing  the  resin 
with  milk  of  lime,  concentrating  the  filtrate,  and  precipitating  the  acid 
by  hydrochloric  acid. 

Benzoic  acid,  being  used  in  the  manufacture  of  aniline  colours,  is 
now  prepared  in  quantity  from  naphthalene  Cj^H^,  a  hydrocarbon 
occurring  in  the  heavy  coal-tar  oil.  It  is  first  oxidized  to  phthalic 
acid  CgH^(C02H)o,  and  the  calcium  salt  of  this  acid  is  mixed  with 
slaked  lime,  and  heated  for  several  hours  to  SOO"* — SSO"* : — 

2CeH,(C02)2Ca  +  CaCOH)^  =  (CeH^.C02)2Ca  +  2CaCo5 

Phthalic  acid  may  also  be  converted  into  benzoic  acid  by  distil- 
ling its  ammonium  salt,  wliich  is  thus  converted  into  phthal'tmide 
CeH4(C0j)NH,  On  distilling  this  body  with  lime,  it  yields  benzo- 
nitrile : — 

CeH,(C0)2NH  +  CaO  =  C«H,.CN  +  CaCO, 

The  nitrile  is  boiled  with  caustic  soda,  and  the  sodium  salt  decomposed 
by  hydrochloric  acid. 

Benzoic  acid  is  also  obtained  from  urine  of  cows  and  horses,  as  will 
be  described  under  Hippuric  Acid. 

Benzoic  acid  crystallizes  from  a  hot  aqueous  solution  in  large,  thin, 
flexible,  and  brilliant  needles  or  plates,  melting  at  120°.  It  boils  at 
250°,  but  sublimes  readily  at  a  much  lower  temperature,  and  vola- 
tilizes by  boiling  its  solution.  It  is  only  sparingly  soluble  in  cold 
water,  but  readily  in  boiling  water  and  in  alcohol.  It  has  a  peculiar 
aromatic  odour,  which,  on  heating  the  acid,  becomes  irritating,  and 
produces  coughing. 
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It  is  very  characteristic  of  this  acid  that  the  presence  of  mere 
traces  of  certain  impurities  prevents  the  crystallization  and  lowers 
the  melting-point.  Thus,  on  oxidizing  toluene  with  dilute  nitric  acid, 
a  benzoic  acid  is  obtained  containing  nitrobenzoic  acid.  By  distilling 
it  with  steam,  the  latter  acid  is  almost  entirely  left  behind ;  only  a 
trace,  so  small  that  it  cannot  be  detected  by  combustion-analysis,  is 
carried  over ;  yet  the  benzoic  acid  can,  even  by  repeated  recrystalliza- 
tion,  only  be  obtained  in  warty  crusts  or  flakes.  But  on  heating  it 
with  tin  and  hydrochloric  acid,  the  nitro-acid  is  converted  into  amido- 
benzoic  acid,  which  on  cooling  remains  in  solution,  whilst  pure 
benzoic  acid  crystallizes  in  the  characteristic  needles.  Before  these 
facts  were  known,  it  was  believed  that  several  isomeric  benzoic  acids 
existed. 

Most  benzoates  are  soluble  in  water ;  the  neutral  solutions  give 
with  ferric  chloride  a  reddish  precipitate  of  ferric  benzoate.  This  re- 
action is  made  use  of  for  the  separation  of  iron  from  manganese,  and 
for  the  detection  of  benzoic  acid. 

Silver  benzoate  is  very  sparingly  soluble  in  cold  water,  and  crystal- 
lizes from  a  boiling  solution  in  small  shining  plates. 

Methyl  Benzoate  CgHg-COj-CHj  is  readily  formed  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  benzoic  acid  in  methyl  alcohol.  It 
is  a  limpid  liquid,  possessing  a  fragrant  odour,  and  boiling  at  199^ 
Alkalis  decompose  it  into  benzoic  acid  and  methyl  alcohol  As  this 
compound  has  such  a  high  boiling-point,  it  can  easily  be  obtained 
pure  by  using  impure  methyl  alcohol ;  and  it  is  therefore  used  for 
preparing  pure  methyl  alcohol,  as  the  benzoic  acid  can  easily  be 
recovered  and  employed  again  for  the  same  purpose. 

Hthyl  Benzoate  CgHe.COyCgHj  is  produced  by  the  action  of  hydro- 
chloric acid  on  an  alcoholic  solution  of  the  acid,  and  by  adding 
benzoyl  chloride  to  ethyl  alcohol.  It  is  an  aromatic  liquid,  boiling 
at  213°. 

Benzoyl  Chloride  CgHg.COCl  is  prepared  by  distilling  the  acid  with 
phosphorus  trichloride,  and  also  formed  by  the  action  of  chlorine  on 
benzaldehyde.  It  is  a  limpid  liquid,  boiling  at  199°,  and  possessing  a 
very  pungent  smell.  Water  acts  on  it  as  on  other  acid  chlorides ; 
and  on  heating  it  with  phosphorus  pentachloride  it  is  converted  into 
henzenyl  trichloride  CflHg.CClj. 

Benzoyl  Fluoride  CgHg.COF. — To  obtain  this  compound,  benzoyl 
chloride  and  dry  potassium  hydrofluoride  are  heated  in  a  platinum 
retort : — 

HKFg  +  2CeH5.COCl  =  HCl  +  KCl  +  2CeH^.C0F 

It  is  an  oily  liquid,  boiling  at  162°,  and  possessing  a  very  irritating 
smell.  Water  decomposes  it  readily  into  hydrofluoric  acid  and 
benzoic  acid. 

Benzoyl  Oxide  or  Benzoic  AnJtydride  (CgH^.C0)20  is  prepared  by 
heating  dry  sodium  benzoate  with  benzoyl  chloride,  or  with  phos- 
phorus oxychloride : — 
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2CflH,.C0.0Na  +  POCI3  =  2C«H,.C0C1  +  NaCl  +  NaPO, 

CeH,.CO.ONa  +  CeH,.COCl  =  c'S'lcO  }  °  +  ^^^^ 

The  mass  is  exhausted  with  water,  and  the  residue  crystallized 

from  alcohoL     Benzoyl  oxide  forms  rhombic  prisms,  melting  at  4?, 

and  boiling  at  310°.     By  boiling  water,  it  is  slowly  resolved  into  two 

molecules  of  benzoic  acid. 

C  H  CO  1 
Benzoyl-acetyl  Oxide  qh^'qq  \^  ^^  produced  by  acting  with  acetyl 

chloride  on  sodium  benzoate,  or  with  benzoyl  chloride  on  fused 
sodium  acetate.  It  is  a  colourless,  oily  liquid,  which  by  distillation 
is  resolved  into  acetyl  oxide  and  benzoyl  oxide : — 

CeH,.CO  1  y       CH,.CO  )  Q  _  CH3.CO  1  o      CeH,.CO  \  q 

C  H  CO  O  ) 
Benzoyl  Dioxide  rj^H^  CO  O  f  ' — '^^  prepare  this  compound,  benzoyl 

chloride  is  mixed  with  2>ure  barium  dioxide,  and  the  resulting  mass 
exhausted  with  carbon  disulphide  or  ether.  It  forms  colourless 
crystals,  does  not  dissolve  in  water,  and  is  decomposed  by  heat  with 
a  slight  detonation.  Hot  potash-solution  resolves  it  into  benzoic  acid 
and  oxygen. 

Benzamide  C^Hg.CO.NH^  is  produced  by  acting  with  ammonia  on 
benzoyl  chloride  or  ethyl  benzoate.  It  is  sparingly  soluble  in  cold 
water,  and  crystallizes  from  a  hot  solution  in  needles,  melting  at  US'*, 
and  boiling  at  288^  On  heating  it  with  phosphorus  pentoxide,  it  is 
resolved  into  water  and  benzonitrile. 

Hippuric  or  Benzamidacetic  Acid  CgH^NOj  occurs  as  potassium  or 
sodium  salt  in  the  urine  of  all  herbivorous  animals,  and  also  in  small 
quantity  in  human  urine.  When  toluene,  benzoic  acid,  oil  of  bitter 
almonds,  or  cinnamic  «u3id,  are  taken  internally,  they  are  converted 
into  hippuric  acid,  which  is  found  in  the  urine.  This  transformation 
takes  place  in  the  human  organism,  as  well  as  that  of  many  animals. 
Quinic  acid  is  also  converted  into  hippuric  acid,  but  only  in  the 
human  system  and  that  of  graminivorous  animals. 

Hippuric  acid  is  also  produced  by  the  action  of  benzoyl  chloride 
on  the  silver  or  zinc  salts  of  amidacetic  acid,  and  by  heating  ben- 
zamide with  chloracetic  acid  : — 


^  ^2  CO.OH 


2 

CO.OH 


It  is  generally  prepared  by  evaporating  the  fresh  urine  of  cows  or 
horses  to  about  one-tenth  of  its  volume,  and  precipitating  with  hydi-o- 
chloric  acid. 

It  forms  lar<»e  rhombic  prisms,  dissolving  sparingly  in  cold  water,  but 
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freely  in  hot  water  and  alcohol.  On  heating,  it  fuses,  and  then  decom- 
poses, yielding  prussic  acid,  benzoic  acid,  benzamide,  benzonitrile,  &c. 
By  boiling  it  with  alkalis  or  acids,  it  is  resolved  into  benzoic  acid  and 
amidacetic  acid.  A  similar  change  takes  place  when  urine  undergoes 
putrefaction,  and  benzoic  acid  may  therefore  be  obtained  in  quantity 
from  the  urine  of  horses  or  cows. 

Hippuric  acid  is  monobasic,  and  yields  a  series  of  salts,  which  are 
mostly  soluble  in  water. 

By  the  action  of  potassium  chlorate  and  hydrochloric  acid,  it  is 
converted  into  f/wnochloro-  and  dichlorohippuric  acid.  Monochloro- 
hippuric  acid  is  found  in  the  urine  after  monochlorobenzoic  acid  has 
been  taken  internally. 

Benzoglycollic  Acid  C^HgO^  is  obtained  by  acting  with  nitrous  acid 
on  hippuric  acid  : — 

CH,N  I  9x^-^6^16  CHo.O.CO.aH 


^  ^  +  NOgH  =  I 

CO.OH  CO.OH 


co.r 


It  crystallizes  in  colourless  prisms,  and  does  not  freely  dissolve  in 
water. 

Benzoleic  Acid  CgH9.C02H. — This  additive  compound  is  formed, 
together  with  benzyl  alcohol,  by  acting  with  sodium  amalgam  on  an 
aqueous  solution  of  benzoic  acid.  It  is  an  oily  liquid,  smelling  like 
valerianic  acid,  and  forms  amorphous  and  deliquescent  salts,  which, 
as  well  as  the  free  acid,  absorb  oxygen  from  the  air  and  are  converted 
into  benzoates. 


SUBSTITUTED  BENZOIC   ACIDS. 

1*3  ChloTcbenzoic  Acid  CgH^Cl.COgH  is  obtained  by  acting  on  ben- 
zoic acid  with  hydrochloric  acid  and  potassium  chlorate,  and  by 
oxidizing  orthochlorotoluene.  It  is  but  sparingly  soluble  in  water, 
and  crystallizes  in  needles,  melting  at  152®. 

1*4  Chlarobenzoic  Add,  or  Chlorodracylic  Acid, — This  acid  is  formed 
by  oxidizing  parachlorotoluene  or  pamchlorobenzyl  alcohol  with  a 
dilute  solution  of  chromic  acid.  It  sublimes  in  scaly  crystals,  melt- 
ing at  236^ 

1*2  Chlorobtiizoic  Add,  or  Chlorosalylic  Acid, — To  prepare  this  acid, 
12  oxybenzoic  or  salicylic  acid  CgH^(0H)C02H  is  treated  with  phos- 
phorus pentachloride,  and  the  chlorosalyl  chloride  CgH.Cl.COCl  thus 
formed  is  decomposed  with  water.  Chlorosalylic  acid  is  much  more 
freely  soluble  in  water  than  its  isomerides,  and  crystallizes  in  needles, 
melting  at  137°  when  in  the  dry  state,  but  under  water  already 
at  100^ 

Nascent  hydrogen  con\erts  the  three  chlorobeuzoic  acids  into 
benzoic  acid. 
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a  DichJorohenzoic,  or  DicJdorodracylic  Add  C-HjCLCOgH,  has  been 
obtained  by  several  reactions.  It  is  formed  by  oxidizing  dichloio- 
toluene  with  chromic  acid,  and  by  heating  dtcJdarobenzenyl  triehlaride 
CgHjClyCClj  (see  page  346)  with  water  to  100°.  The  same  acid  is 
produced  by  heating  chlorodracylic  acid  with  antimony  pentachloride, 
and  by  boiling  benzoic  acid  with  a  clear  solution  of  bleaching-powder, 
precipitating  with  hydrochloric  acid^  and  boiling  the  precipitate  again 
with  bleaching-powder : — 

,..  C,H,.COjH      ^    (  OCl  _  C,H,C1.C0,  )  p^  .  or  O 

/o\  CrtH^CLCOoH  ,  r^^  f  OCl      C|,£[«Cl9.C0«  |  /-^     ,  ott  r\ 
<2)  cXcICoIh  +  ^M  OCl  =  C^hKco; I ^*  +  2H,0 

It  crystallizes  in  slender  needles^  melting  at  202^ 

/3  Dichlorobemoic,  or  Dichloroaalylic  Acid^  has  been  obtained  by 
heating  chlorosalylic  acid  with  antimony  pentachloride.  It  crystal- 
lizes in  glistening  needles,  melting  at  148''. 

1*3  Bromobenzoic  Acid  C-H^Br.COgH  is  obtained  when  benzoic  acid 
is  heated  with  bromine  and  water  to  100^  It  crystallizes  in  needles, 
melting  at  154°. 

1*4  Bromobenzoic  Acid  is  produced  by  oxidizing  parabromotoluene^ 
and  forms  needles,  melting  at  251°. 

1'2  Bromobenzoic  Acid  has  been  obtained  from  the  corresponding 
amidobenzoic  acid  by  converting  it  into  a  diazo-compound,  and  de- 
composing this  by  hydrobromic  acid.  It  sublimes  in  flat  needles, 
melting  at  138°. 

We  know,  also,  the  three  iodobenzoic  acids  which  have  been  produced 
from  the  corresponding  diazo-compounds. 

Fluobenzoic  Add  CgH^F.COoH  is  produced  by  acting  with  fuming 
hydrofluoric  acid  on  diazo-amidobenzoic  acid.  It  crystallizes  from  an 
aqueous  solution  in  large  rhombic  prisms,  melting  at  182°.  It  vola- 
tilizes with  the  vapour  of  water,  and  forms  crystalline  salts. 

1*3  Ortlionitrdbenzoic  Add  CgH^(N02)C02H. — To  prepare  this  acid 
an  intimate  mixture  of  one  part  of  benzoic  acid  and  two  parts  of 
nitre  is  added  to  tliree  parts  of  sulphuric  acid,  and  then  gently  heated 
imtil  the  nitro-acid  swims  as  an  oily  layer  on  the  top.  To  remove  some 
metanitrobeuzoic  acid,  which  fonus  at  the  same  time,  the  product  is 
three  times  exhausted  with  about  twice  its  quantity  of  boiling  water, 
and  the  residue  either  crystallized  from  more  boiling  water,  or  sub- 
limed. The  pure  acid  forms  colourless  needles,  melting  at  140°.  It  is 
also  obtained  by  oxidizing  orthonitrotoluene. 

1*2  Metanitrobeuzoic  Add  is  formed,  but  only  in  small  quantity, 
together  with  the  ortho-acid.  The  acid,  as  well  as  its  salts,  are  much 
more  soluble  than  their  isomerides,  and  distinguished  by  their  in- 
tensely sweet  taste,  while  most  other  nitro-compounds  have  a  bitter 
taste.  The  acid  ciybtallizes  by  the  slow  evaporation  of  an  alcoholic 
solution  in  large  yellowish  prisms,  melting  at  145°. 
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1*4  Faranitrohenzoic  Acid  is  prepared  by  oxidizing  paranitrotoluene, 
and  forms  yellowish  plates^  melting  at  240^ 

Dinitrobenzoic  Acid  is  formed  when  1*3  nitrobenzoic  acid  is  heated 
with  a  mixture  of  nitric  and  sulphuric  acids ;  it  crystallizes  in  small 
brilliant  plates,  and  melts  at  202®.  An  isomeride  has  been  obtained 
oxidizing  dinitrotoluene  with  nitric  acid ;  it  forms  long  prisms,  melting 
at  179°. 

Azobenzoic  Acids, — These  bodies  are  formed  by  acting  with  sodium- 
amalgam  and  water  on  the  nitrobenzoic  acids.  They  are  amorphous 
yellow  solids,  which  are  almost  insoluble  in  water,  alcohol,  ether,  &c., 
and  form  sparingly  soluble  salts.  Reducing  agents  convert  them  into 
colourless  hydraaobeiizoic  acids.  The  constitution  of  these  bodies  cor- 
responds to  that  of  azobenzene,  &c. : — 

NCeH^.C02H 
Azobenzoic  Acid 


id  .     .<    I 

I  NCeH,.C02H 


C  HNCeH,.C02H 
Hydrazobenzoic  Acid-^     | 

(  HNCoH,.COjH 

1-3  Amidobenzoic  Acid  CgH.(NHj)C02H  is  easily  obtained  by  re- 
ducing the  corresponding  nitrobenzoic  acid  with  ammonium  sulphide, 
or  with  tin  and  hydrochloric  acid.  It  crystallizes  in  small  prisms, 
melting  at  165®,  and  dissolving  freely  in  hot,  but  only  sparingly  in  cold 
water.  It  forms  metallic  salts,  and  combines  as  amido-compound 
also  with  acids. 

14  Amidobenzoic  or  Amidodracylic  Acid  crystfdlizes  from  water  in 
long  slender  needles,  melting  at  187^ 

1*2  Amidobenzoic,  AmidodrcLcylic,  or  AnthranUic  Acid  was  first 
obtained  by  boiling  finely-powdered  indigo  with  caustic  soda  and 
manganese  dioxide  for  several  days.  After  the  solution  has  been 
neutralized  with  sulphuric  acid,  it  is  evaporated,  and  the  residue  ex- 
hausted with  alcohol,  which  dissolves  sodium  anthranilata  It  is  also 
produced  by  the  reduction  of  the  corresponding  nitro-acid,  and  has 
further  been  obtained  from  1*3  bromobenzoic  acid,  which  yields  two 
isomeric  nitro-compounds ;  one  of  these,  melting  at  141°,  is  reduced 
to  amidobromobenzoic  acid,  and  the  latter  treated  with  water  and 
sodium  amalgam. 

Anthranilic  acid  is  sparingly  soluble  in  cold,  and  more  freely  in  hot 
water ;  it  forms  thin  prisms,  melting  at  144° ;  and  when  more  strongly 
heated,  it  is  resolved  into  aniline  and  carbon  dioxide.  Its  isomerides 
yield  also  aniline  on  heating  them  with  an  alkali. 

Diazobemoic  Add  C^jH^-J  pA  „. — When  1*3  amidobenzoic  acid  is 

dissolved  in  cold  nitric  acid,  and  nitrogen  trioxide  passed  into  this 

f  N  NO 
solution,  the  nitrate  of  dia^obenzoic  acid  G^jH^  -J  p  *:  „  «  crystallizes 
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out  in  colourless  prisms.     It  explodes  violently  when  heated,  and  is 
decomposed  by  boiling  water,  1'3  oxy benzoic  acid  being  formed  : — 


W{  ?6!S^«  +  H,0  =  C,H,  \  OH^  +  HNO3 


+  N, 


The  free  acid  is  obtained  by  adding  an  alkali  to  a  solution  of  the 
nitrate ;  it  is  a  yellow  body,  which  soon  undergoes  spontaneous  de- 
composition. 

Diazo-amidohenzoic  Acid  C^H^  <  c6  H  *     is  precipitated 

in  orange  crystals  by  adding  amidobenzoic  acid  to  an  aqueous  solution 
of  diazobenzoic  acid.  It  is  almost  insoluble  in  water,  and  a  bibasic 
acid.    When  heated,  it  is  decomposed  with  a  slight  explosion. 

Uramidobemoic  Acid  C^H^-j  ^^  Vr  *  *. — This  compound  is  dis- 
tinguished by  the  great  number  of  derivatives  which  it  yields.  It  is 
produced  by  fusing  nvesL  with  1'3  amidobenzoic  acid.  By  the  action 
of  strong  nitric  acid  it  yields  three  isomeric  dinitro-acids,  which, 
owing  to  the  great  similarity  of  their  properties,  cannot  be  separated 
from  each  other. 

When  an  ammoniacal  solution  of  these  acids  is  boiled,  they  are  con- 
verted into  the  mononitro-acids : — 

The  mononitro-compounds  can  easily  be  separated,  their  barium 
salts  possessing  a  very  difiPerent  solubility  in  water.  On  acting  with 
nitric  acid  on  the  pure  mononitro-acids,  the  dinitro-acids  are  o}>tained 
perfectly  pure.  They  form  yellowish-white  needles,  and  are  freely 
soluble  in  alcohol,  but  scarcely  soluble  in  water.  By  boiling  them 
with  water  for  a  long  time,  they  are  converted  into  amido-nitrcbenzoic 
adds: — 

C,H,(NO^,-[  ^^^-^^^  =  C,H,(NO,)  1 1^^  +  CO,  +  N,0 

When  these  amido-nitro-acids  are  gently  heated  with  tin  and 
hydrochloric  acid,  they  are  reduced  to  diamidobenzoic  acids. 

a  Diamidobenzoic  Acid  C^Hj  -J  Lq  A*  is  sparingly  soluble  in  hot 

water,  and  forms  minute  prisms.  Its  sulphate  CgH3(C02H)(NHo)2SO^H2 
is  almost  insoluble  in  water.  On  distilling  the  acid,  it  is  resolved  in 
carbon  dioxide  and  orthodianiidoboizene  (see  page  327). 

fi  Diamidobenzoic  Acid  is  more  freely  soluble,  and  crystallizes  in 
pale-yellow  plates.  The  sulphate  has  the  composition  2LCgH3(C02H) 
(NH2)2]S0^H2i  wid  is  more  soluble  than  the  a  compound. 
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7  Diamidobenzoic  Acid  crystallizes  in  long  yellowish-white  needles, 
and  forms  au  almost  insoluble  sulphate  2[CgH8(C02H)(NH2)2]SO^Hg 

The  /8  and  y  acids  yield,  when  heated,  vietadiamidobenzenc  (page 
327). 

S  Diamidohcnzaic  Acid, — This  body  has  been  obtained  by  reducing 
dinitrobenzoic  acid.  It  differs  from  its  isomerides  by  its  physical 
properties,  as  well  as  by  not  yielding  a  diamidobenzene,  being  by 
heat  completely  carbonized,  with  the  evolution  of  ammonia. 

r  so  H 

StUphobenzoic  Add  CgH^-j  prv^jr- — This    strong  bibasic  acid  is 

formed  by  passing  gaseous  sulphur  trioxide  over  benzoic  acid.  It  is 
a  crystalline,  very  deliquescent,  sour  mass.  The  neutral  barium  salt 
is  freely  soluble  in  water,  but  the  acid  salt  (CgH^S03)2Ba(C02H)2, 
which  crystallizes  in  monoclinic  prisms,  dissolves  but  sparingly. 

Dimlphdbenzoic  Acid  C^Hg  -j  V,^  Vr  ^  is  obtained  by  heating  benzoic 

acid  with  fuming  sulphuric  acid  and  phosphorus  pentoxide  to  250". 

It  forms  hygroscopic  crystals.     The  acid  barium  salt  C^H,  i  rjo  H   * 

-f  2H2O,  is  sparingly  soluble  in  water,  and  forms  microscopic  needles ; 
the  normal  salt  2[CgHg(S03)jCOJBa3  +  ^HgO,  crystallizes  in  prisms. 
The  lead-salt  is  insoluble  in  water. 


OXYBENZYL-  AND  OXYBENZOYL-COMPOUNDS. 

The  compounds  belonging  to  this  group  contain  one  or  more 
hydroxyls,  combined  with  the  aromatic  nucleus,  and  have  therefore 
the  character  of  phenols. 

r  OH 

Saligenin,  or  12  Oxybenzyl  Alcohol  G^A  qtt  qtt. — The  bark  of 


fOH 


,  a 


different  kinds  of   willow  contains  Salicin  C-H.  \  .>,tt  r^r^  tt  n 

glucoside  which,  by  the  actions  of  certain  ferments,  takes  up  water, 
and  is  resolved  into  saligenin  and  grape-sugar. 

Saligenin  crystallizes  from  alcohol  or  hot  water  in  brilliant,  small, 
rhombic  plates,  melting  at  82°,  and  subliming  above  100^  Its  aqueous 
solution  gives  with  ferric  chloride  a  deep-blue  colour.  Oxidizing 
agents  convert  it  into  salicyl  aldehyde  and  salicylic  acid.  Saligenin 
is  isomeric  with  orcin  and  homopyrocatechin,  and  metameric  with 
guaicacol : — 

/OH Orcin        .      ln«   f(OH) 


Saligenin  C,H,^  ^.jj^^jj  Homo-pyrocatechin  |C.H,-[^y„ 

Guaicacol  C^H^K  Qprr 


2 
3 
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Saliretin  (j^ti^^OH^CH*  f  ^   ^    formed  by  heating  saligenin  or 

salicin  with  hydrochloric  acid.     It  is  a  yellowish  amorphous  iwwder. 

f  OH 

Salici/laMehijde  CgH^  ]  COH  ®^^^^  ^^  ^^^  flowers  of  the  meadow- 
sweet and  other  species  of  Spircea,  and  in  the  larvae  of  Chrysomela 
populi.  It  is  conveniently  prepared  by  distilling  salicin  with  dilute 
sulphuric  acid  and  potassium  dichromate.  It  is  a  mobile,  colourless 
liquid,  possessing  a  fragrant  smell,  and  boiling  at  196°.  At  —20*"  it 
solidifies,  and  when  exposed  to  the  air  it  assumes  a  red  tint ;  it  is 
sparingly  soluble  in  water.  Ferric  chloride  colours  this  solution 
deep-violet. 

Salicylaldehyde    forms    crystalline    compounds    with    the    acid 

sulphites  of  the  alkali-metals,  and  as  phenol  it  forms  also  metallic 

f  OK 
compounds.     The  potassium-compound  C^H^  -j  riQ-rr  crystallizes  from 

water  in  colourless  plates,  which,  when  moist,  rapidly  absorb  oxygen 
from  the  air.  By  adding  a  solution  of  copper  acetate  to  an  alcoholic 
solution  of  the  aldehyde,  the  compound  (CgHJC0H)0)2Cu  separates 
out  in  shining  green  crystals. 

When  equal  molecules  of  the  aldehyde  and  phosphorus  penta- 
chloride  are  mixed,  oxi/benzylene  dichlaride  CgH^(0H)CHCl2  is  formed, 
crystallizing  from  ether  in  large  hard  prisms,  melting  at  82".  By 
distilling  this  compound  with  phosphorus  pentachloride,  it  is  con- 
verted into  chloTohenzylene  dichloride  CgH^CLCHClg,  a  colourless  and 
very  refractive  liquid,  boiling  at  229°,  and  possessing  a  peculiar  odour 
and  pungent  taste.  On  heating  it  with  water  to  170°,  it  yields  1*2 
chlo7vbenzaldehyde  CgH.Cl.COH,  a  liquid  boiling  at  210°,  and  possess- 
ing a  pungent  taste  and  smell. 

Methyl'Salicylaldehyde    CgH^-j  p(-\iT*  is  formed  by   acting  with 

methyl  iodide  on  the  potassium  compound  of  the  aldehyde.  It  is  a 
liquid  possessing  a  fragrant  smell,  and  boiling  at  238°. 

Salicylic  Add,  or  12  Oxyhenzoic  Acid,  occurs  in  the  flowers  of  several 
species  of  Spircea,  and  its  methyl-ether  forms  the  chief  constituent 
of  oil  of  wintergreen.  It  has  been  produced  artificially  by  passing 
carbon  dioxide  into  a  mixture  of  sodium  and  phenol : — 

It  is  also  formed  by  fusing  metacresol  with  an  excess  of  caustic 
potash : — 

^6^4  "1^  Qjj   +  2K0H  =  CgH^-(  CO  K  ■*"  ^^2 

By  acting  with  nitrous  acid  on  a  dilute  solution  of  anthranilic  acid 
(page  365),  salicylic  acid  is  obtained : — 
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C«H.  { l^^  +  NO,H  =  C.H,  {  OHg  +  N,  +  H,0 

To  prepare  salicylic  acid,  wintergreen-oil  is  boiled  with  caustic 
potash ;  methyl  alcohol  distils  over,  and  potassium  salicylate  is  left 
behind. 

Salicylic  acid  crystallizes  in  four-sided  prisms,  melting  at  156° ;  it 
is  sparingly  soluble  in  water.  The  aqueous  solution  gives,  with  ferric 
chloride,  a  deep-violet  colour.  When  a  small  quantity  of  the  acid  is 
carefully  heated,  it  sublimes ;  but  on  heating  it  quickly,  or  in  presence 
of  alkalis,  it  splits  up  into  phenol  and  carbon  dioxide. 

It  is  a  monobasic  acid,  but  -as  phenol  it  forms  also  compounds 
containing  two  equivalents  of  a  metal ;  but  these  are  very  unstable, 
and  decomposed  by  carbon  dioxide. 

Methyl  Salicylate  C^H^  \  pQ  OPH  ^^  ^^®  chief  constituent  of  oil  of 

wintergreen,  and  forms  a  colourless  liquid,  possessing  a  fragrant  odour, 
and  boiling  at  224^     It  forms,  with  alkalis,  unstable  phenates. 

Methyl'Salicylie  Acid  CgH^K  p^  -J, — The  methyl-ether  of  this  acid 

is  produced  by  heating  oil  of  wintergreen  with  caustic  potash  and 
methyl  iodide.  By  boiling  this  ether  with  an  alkali,  it  is  decomposed 
into  methyl  alcohol  and  methyUsalicylic  acid,  which  crystallizes  in 
plates,  melting  at  98°'5.  On  heating  it  to  200°,  it  is  resolved  into 
carbon  dioxide  and  anisol  (see  page  332),  This  acid  is  isomeric  with 
methyl  salicylate,  from  which  it  differs  by  being  a  strong  acid. 

Salicylic  Anhydride  CgH^-l  po^  ^  obtained  by  acting  with  phos- 
phorus oxychloride  on  sodium  salicylate  ; — 

3C«H«{  gJojf^  +  POCl,  =  3C,H,|  gQ>  +  NaPO,  +  3HC1 

It  is  a  white  powder,  which  is  insoluble  in  water,  and  forms,  with 
potash,  potassium  salicylate. 

(  OH 
Salicylamide  C^H^  •!  qq  -ktu  is  produced  by  the  action  of  ammonia 

on  oil  of  wintergreen.  It  forms  small  plates,  melting  at  132^  and 
subliming  when  more  strongly  heated.    With  caustic  potash  it  forms 

r  OK 

the  compound  C^H^  -j  p^  ^^^  ;  by  adding  silver  nitrate  to  an  aqueous 

solution  of  this  phenate,  the  silver-compound  C<,H^-<  qq  jfjj  is  pre- 
cipitated in  white  flakes. 

At  270**,  the  amide    is    resolved  into  water    and  salicylnitrile 

(  OH 
0^4-]  pi^,  a  crystalline  solid,  which  is  insoluble  in  water,  and  dis- 
solves in  ammonia.    The  salts  of  heavy  metals  precipitate  from  this 
solution  the  corresponding  phenates. 

C  B  B 


Sr 
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Phosphorus  pentax^hloride  converts  salicylic  acid  into  cblorosalyl 
chloride  (page  363),  and  by  the  action  of  chlorine  or  bromine  it 
yields  products  of  substitution.  When  it  is  treated  with  iodine  and 
iodic  acid,  one  or  more  hydrogen-atoms  are  replaced  by  iodine. 

All  these  substituted  salicylic  acids  are  resolved  at  a  high  tempera- 
ture into  carbon  dioxide  and  substituted  phenols. 

r  OH 

Nitrosalicylic  Add  Gfi^(JiO^  i  CO  H  ^  formed  by  dissolving 

salicylic  acid  or  salicin  in  fuming  nitnc  acid,  and  by  boiling  indigo 
with  dilute  faitric  acid.  It  crystallizes  in  thin  needles,  and  forms  two 
series  of  salts ;  those  containing  two  equivalents  of  a  metal  possess  a 
yellow  colour. 

r  OH 

Amidosalicylic  Acid  C^jHjCNHj)  -j  pQ  -rj  is  produced  by  reducing 

nitrosalicylic  acid.  It  forms  shining  needles,  and  combines  with 
bases  as  well  as  with  acids.  By  the  action  of  heat  it  is  decomposed 
into  carbon  dioxide  and  ortho-amidophenoL 

1*3  Oxybenzoic  Acid. — This  isomeride  of  salicylic  acid  is  commonly 
called  simply  oxybenzoic  acid.  It  is  produced  by  passing  nitric 
trioxide  into  a  boiling  solution  of  1*3  amidobenzoic  acid,  or  by  boiling 
the  nitrate  of  the  corresponding  diazobenzoic  acid  with  water.  It 
has  also  been  obtained  by  fusing  sulphobenzoic  acid,  1*3  chlorobenzoic 
acid,  or  orthocresol  with  caustic  potash. 

It  crystallizes  in  prismatic  needles,  is  readily  soluble  in  boiling 
water,  and  possesses  a  sweet  taste.  It  melts  at  195*,  and  at  a  very 
hit^h  temperature  is  resolved  into  phenol  and  carbon  dioxide.  The 
same  decomposition  occurs  much  more  readily  in  presence  of  an 
alkali.    With  ferric  salts  it  gives  no  reaction. 

r  ocH 

Methyl-oocybenzoic  Acid  CJB.^  <  PO  mT* — ""^^  sodium  salt  of   this 

acid  is  formed  by  passing  carbon  dioxide  into  a  mixture  of  bromo- 
phenol-methylether  and  sodium :— 

C.H«{  B?^'  +  Na,  +  CO,  =  C,H,{gg5^^  +  NaBr 

By  decomposing  this  salt  with  hydrochloric  acid,  the  free  add  is 
obtained,  which  crystallizes  in  long  needles,  melting  at  95^  and  sub- 
liming without  decomposition. 

It  has  also  been  proiduced  by  heating  oxybenzoic  acid  with  methyl 
iodide  and  caustic  potash :— ^ 

^•H«  {  8aOK  +  2CH.I  =  C.H,  {  gCH,^g^  +  2KI 

and  decomposing  the  ether  thus  produced  with  potash  : — 


THE  CARBON  COMPOUNDS.  371 

1*4  Para-axt/henzaic  Acid. — This  third  isomeric  acid  is  obtained  by 
the  action  of  nitrous  acid  upon  an  aqueous  solution  of  paramido- 
benzoic  acid,  as  well  as  by  the  action  of  fusing  caustic  potash  upon 
anisic  acid,  paracresol  and  many  resins  (gum  benzoin,  aloes,  dragon's- 
blood,  &c.). 

It  is  much  more  soluble  in  water  than  salicylic  acid,  and  crystallizes 
in  monoclinic  prisms,  with  one  molecule  of  water.  It  melts  at  210**, 
decomposing  at  the  same  time  partly  into  carbon  dioxide  and  phenoL 
Its  aqueous  solution  gives  witii  ferric  chloride  a  yellow  precipitate. 
Phosphorus  pentachloride  converts  it  into  parachlorobenzoyl  chloride. 

Anisyl  Aldehyde,  or  Methyl-para-oxybemaldehyde  C^H^  -J  COH** — 

The  volatile  oils  of  Pimpinella  Anisa,  Anethum  Fosnundtim,  Artemisia 
Dracuncultts,  and  other  Umbelliferse,  and  the  oil  of  Ulicium  anisatum, 

contain  as  principal  constitutent  anethol  C^H^  -<  n  g*  which,  by  the 

action  of  dilute  nitric  acid  or  chromic  acid,  is  oxidized  to  anisyl 
aldehyde,  an  oily  liquid,  boiling  at  248^  and  possessing  an  aromatic 
odour.  It  forms  with  the  acid  sulphites  of  the  alkali-metals  crystal- 
line compounds,  and  combines  with  nascent  hydrogen  with  the 
formation    of   Anisyl    alcohol     or     methyl-para-^xybenzyl     alcohol 

^6^4 1  CH  ^H'  ^^^^  crystallizes  in  shining  prisms,  melting  at  28^ 

and  boiling  at  about  250^  It  has  a  faint  odour  and  burning  taste ; 
on  heating  it  with  hydrochloric  acid  it  is  converted  into  the  liquid 

anisyl  chloride  CJ^^  <  CH  CI" 

f  OCH 

Anisic Acid,OT MethyUparorOxyhenzoic  Acid  C^H^^  po  o fT'  ^®  fo^nied 

by  the  prolonged  action  of  oxidizing  agents  upon  the  above-mentioned 
oils,  and  on  paracresol-methyl-ether,  and  has  also  been  produced  by 
beating  para-oxybenzoic  acid  with  caustic  potash  and  methy]  iodide. 
It  crystallizes  in  colourless  needles,  melting  at  175^  and  subliming 
without  undergoing  decomposition.  By  heating  it  with  hydrochloric 
acid  or  hydriodic  acid,  or  by  fusing  it  with  caustic  potash,  it  yields 
para-oxybenzoic  acid,  and  by  distillation  with  caustic  baryta  it  is 
resolved  into  carbon  dioxide  and  anisoL 

f  OCH 

Nitranisic  Add  C^H,(NO^  i  qq  ^  is  obtained  by  acting  on  oil  of 

anise-seed  with  hot  nitric  acid  of  specific  gravity  of  1^**4,  and  forms  small 
glistening  needles,  melting  at  180^ 

{OCH 
CO  OH  ^'  f'ormed  together  with 

di-  and  trinitranisol,  when  nitranisic  acid  is  boiled  with  fuming 
nitric  acid  It  crystallizes  from  hot  water  in  large  yellowish,  shining 
needles,  melting  at  173*  In  alcoholic  potash  it  dissolves  with  a  fine 
red  colour,  and  boiling  alkalis  decompose  it  with  the  formation  of 
dinitropara-oxy  benzoic  acid. 

B  B  2 
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By  acting  with  ammonia  on  dinitranisic  acid,  it  is  converted  into 
methyl    alcohol,   and    chrysanisic    or    dinitroparamidobenzoic    acid 

CgH2(N02)2-s  pQ  TT  crystallizing    from    alcohol    in  small  rhombic 

golden-yellow  plates,  melting  at  259^ 

Tin  and  hydrochloric  acid*  reduce  it  to  triamidobenzoic  acid 
Cf^Tl^(Nli^)^CO^,  which  crystallizes  from  hot  water  in  fine,  shining 
needles.  With  sulphuric  acid,  containing  a  trace  of  nitric  acid,  it 
forms  a  deep-blue  solution,  like  triaviidobenzene  (see  page  327).  It 
combines  not  only  with  bases,  but  also  with  acids. 

Oocysalicylic  Add  C^Hj  -j  Xq  ^. — ^To  obtain  this  compound,  mon- 

iodosalicylic  acid  is  boiled  down  with  caustic  potash,  the  residue 
dissolved  in  water,  and  acidulated  with  sulphuric  acid.  The  solution 
is  then  shaken  with  ether,  and  the  ethereal  solution  evaporated. 
Oxysalicylic  acid  crystallizes  from  water  in  shining  needles,  njelting 
at  183**,  and  decomposing  when  more  strongly  heated  into  carbon 
dioxide,  and  a  mixture  of  hydroquinone  and  pyrocatechin.  By  adding 
ferric  chloride  to  its  aqueous  solution,  a  deep-blue  colour  is  produced, 
which  is  changed  into  red  by  ammonia. 

Protocatechuic  Acid  C^HjK  Xq  J?  has  been  obtained  by  acting  with 

fused  potash  on  sulphoxybenzoic  acid  ;  on  bromo-,  iodo-,  and  sulpho- 
para-oxybenzoic  acids;  and  on  bromanisic,  eugenic,  and  piperic  acids. 
It  is  also  formed,  together  with  para-oxybenzoic  acid,  by  Rising  gum- 
benzoin,  guaiacum,  dragon's-blood,  and  other  resins  with  potash.  It 
is  sparingly  soluble  in  cold  water,  and  crystallizes  from  boiling  water 
in  needles  containing  one  molecule  of  water.  It  melts  at  200**,  and 
is  resolved  by  dry  distillation  into  carbon  dioxide,  pyrocatechin  and 
hydroquinone.  With  ferric  chloride  it  gives  a  bluish-green  colour, 
which  alkalis  change  into  red. 

As  pyrocatechuic  acid  may  be  obtained  from  1'3  oxybenzoic  acid, 
as  well  as  from  1*4  paraoxybenzoic  acid,  it  follows  that  the  hydroxyls 
occupy  the  positions  3*4. 

a  Dioxybemoic  Acid  C^Hj  \  >>,q  -H  is  produced  by  converting  1*4 

nitrotoluene  into  the  corresponding  diazotoluene-sulphonic  acid^ 
boiling  the  latter  with  water,  and  fusing  the  cresol-sulphonic  acid 
thus  formed  with  potash.  It  is  readDy  soluble  in  water,  and  crystal- 
lizes in  needles  ;  its  solution  colours  ferric  salts  reddish-brown. 

When  the  above-mentioned  diazotoluene-sulphonic  acid  is  boiled 
with  absolute  alcohol,  and  the  toluenesulphonic  acid  thus  formed  is 
fused  with  potash,  metacresol  is  obtained,  which  by  oxidation  yields 
salicylic  acid.  Consequently  the  two  hydroxyls  of  a  dioxy benzoic 
acid  have  the  position  2*4. 

P  Dioxybenzoic  Acid.- — This  fourth  isomeride  is  obtained  by  fusing 
disulphobenzoic  acid  with  potash.  It  crystallizes  from  an  aqueous 
solution  in  thick  prisms,  and  is  not  coloured  by  ferric  chloride. 
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GcUlic  Acid,  or  Triaxybenzaic  Acid  C^Hg  <  k^  r?,  occurs  in  the  free 

state,  or  as  glucoside  (tannin)  in  nutgalls,  in  the  leaves  of  the  bear- 
berry,  in  tea,  in  the  fruits  of  Ccesalpinia  coriaria  (Divi-Divi),  in 
the  root-bark  of  the  pomegranate,  and  in  other  plants.  It  is 
obtained  by  boiling  tannin  with  dilute  acids,  or  exposing  it  in  the 
moist  state  to  the  air  at  a  temperature  of  20**  to  30°. 

Gallic  acid  is  also  formed  by  heating  di-iodosalicylic  acid  with 
potassium  carbonate  and  by  fusing  bromocatechuic  or  p  bromo- 
dioxybenzoic  acid  with  caustic  potash. 

The  formation  of  gallic  acid  from  salicylic  acid  and  pyrocatechuic 
acid  proves  that  the  hydroxyls  have  the  position  2.  3.  4  (or  3.  4  6). 

Gdlic  acid  dissolves  in  100°  parts  of  cold,  and  three  parts  of 
boiling  water,  and  crystallizes  in  fine  silky  needles,  containing  one 
molecule  of  water.  It  has  a  slightly  acid  and  astringent  taste,  and 
gives  a  deep-blue  colour  with  ferric  salts.  It  melts  at  200°,  and  at 
210°  it  is  resolved  into  carbon  dioxide  and  pyrogallol. 

It  forms  four  series  of  salts,  which  are  stable  in  the  dry  state,  or  if 
the  solution  is  acid ;  but  in  an  alkaline  solution  they  rapidly  absorb 
oxygen,  and  colour  brown  and  black.  From  a  solution  of  silver  or 
gold  it  precipitates  the  metals. 

Ethyl  Gallate  C^H,  |  Lq  k  tj  is  formed  by  passing  hyclrochlorio 

acid  gas  into  a  solution  of  the  acid  in  absolute  alcohol  It  crystallizes 
from  water  in  rhombic  prisms,  possessing  a  bitter  taste  and  acid  re- 
action. On  heating  it  carefully^  it  sublimes  in  brilliant  needles.  It 
colours  ferric  salts  blue ;  forms,  as  phenol,  metallic  compoimds ;  and 
reduces  the  solutions  of  the  noble  metals. 

Digallie  Acid  c'^H^fCoiHSloH)  }  °  ^  ^^^^^  ^^  heating  gallic 
acid  with  phosphorus  oxychloride,  or  by  boiling  its  aqueous  solution 
with  arsenic  acid.  Digallic  acid  is  an  amorphous  yellowish  powder, 
having  a  strong  astringent  taste,  and  giving  with  ferric  salts  a  dark- 
blue  colour.  By  boiling  it  with  hydrochloric  acid,  it  is  reconverted 
into  gallic  acid.  Commercial  tannin,  or  tannic  acid  (see  Glucosides), 
appears  to  contain  digallic  acid  in  considerable  quantity. 

Ellagic  Add  C^fifi^  is  formed,  together  with  gallic  acid,  by 
exposing  an  aqueous  solution  of  tannic  acid  to  the  air,  and  by 
heating  gallic  acid  with  dry  arsenic  acid,  the  latter  being  reduced 
to  arsenic  trioxide.  Ellagic  acid  also  occurs  in  certain  "Oriental 
bezoar-stones,"  or  calculi  found  in  the  intestines  of  wild  goats 
in    Persia.      It    is  a  yellowish  crystalline  powder,  and  insoluble 

in  water. 

Quinic  or  Kinic  Acid  CgH7(OH)^C02H  occurs  in  the  cinchona- 
barks,  in  the  leaves  of  bilberry,  in  coffee,  and  in  other  plants,  and  is 
obtained  as  a  by-product  in  the  manufacture  of  quinine.  It  is 
readily  soluble  in  water,  and  crystallizes  in  rhombic  prisms,  melting 
at  162°.  By  dry  distillation  it  is  decomposed,  yielding:  hydroquionne 
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pyrocatechin,  phenol,  benzoic  acid,  &c      Manganese  dioxide  and 
sulphuric  acid  oxidize  it  to  quinone. 

By  heating  it  with  concentrated  hydriodic  acid,  it  is  reduced  to 
benzoic  acid: — 

CeHy(OH)^CO,H  +  2HI  =  Cfi^.CO;E  +  4H,0  +  I, 

Phosphorus  pentachloride  converts  it  into  chlorobenzoyl  chloride : — 

CeHy(OH)^CO.OH  +  SPa^  =  CeH^CLCOCl  +  SPOCJl,  +  8HC1 

By  fusing  it  with  potash,  it  yields  pyrocatechuic  acid : — 

CeHy(OH)^CO,H  +  KOH  «  CeH3(0H),C0,K  +  3H,0  +  H, 

These  reactions  show  that  quinic  acid  is  an  additive  product,  con- 
taining an  aromatic  nucleus,  in  which  each  carbon  atom  is  linked  to 
an  other  only  by  one  combining  imit. 

The  quinates  are  soluble  in  water.  Calcium  gmncUe  (C^Hy(OH)^ 
C02)2Ca  +  lOHjO  occurs  in  cinchona-barks,  and  forms  large  rhombic 
crystals. 


COMPOUNDS  WITH   EIGHT   ATOMS  OF  CARBON. 

(1)  Dimetb,l-b.^,C.H.{g^«'tS»&--<^ 

(2)  Ethyl-benzene.     .  CeH^.C^j 

(3)  Ethenyl-benzene  .  CeHg.CJE, 

(4)  Ethinyl-benzene  .  C^Hj.C^iH 


DIMETHYL-BENZENES    C^H^  |  ^5* 

When  purified  coal-naphtha  is  submitted  to  fractional  distillation, 
a  liquid  is  obtained,  boiling  constantly  at  139^  to  140^.  This  was 
formerly  regarded  as  a  pure  compound,  and  called  osylene  or  xylol 
More  recent  researches  have,  however,  shown  that  xylene  is  a  mixture 
of  two  dimethyl-benzenes,  which,  having  nearly  the  same  boiling- 
point,  cannot  be  separated  by  distillation. 


THE  CARBON  COMPOUNDS.  375 


METHYL-TOLUENE,  OE   1*4  DIMETHYL-BENZENE, 

Occurs  sometimes  in  quantity  in  coal  naphtha.  The  pure  hydro- 
carbon is  obtained  by  the  action  of  sodium  on  a  mixture  of  methyl 
iodide,  and  crystallized  bibromobenzene,  or  14  bromotoluene. 

It  is  a  colourless  liquid,  boiling  at  136*,  solidifying  at  15"*  to  a 
crystalline  mass,  and  possessing  a  peculiar  smell,  which  is  quite 
different  from  that  of  beuzena  Fuming  nitric  acid  converts  it  into 
two  dinitro-compounds,  which  are  separated  by  crystallizing  them 
from  alcohol. 

a  Dinitrometkyl'tolv^ene  G^S^(JSO^JSiTl^^  forms  long,  thin,  colour- 
less needles,  melting  at  123°-5.  pf  IXnitromethyl-toliune  is  more 
freely  soluble,  and  forms  long,  transparent,  monoclinic  crystals, 
melting  at  93"*. 

Trinitromethyl'toluene  C^HCNO^j^CHj),  is  produced  by  treating  the 
hydrocarbon  with  a  mixture  of  mtric  and  sulphuric  acids ;  it  crystal- 
lizes from  alcohol  in  long  colourless  needles,  melting  at  137^ 

M(ytwhr(yni(>7Mthyl'tolv^eneC^BLfii{GlB.^^ — Toprepare  this  compound, 
bromine  is  slowly  added  to  the  hydrocarbon,  which  is  cooled  down 
to  0^  It  is  a  colourless  liquid,  boiling  at  205°,  and  possessing  an 
agreeable  odour.  By  the  further  action  of  bromine,  it  is  converted 
into  diiromomethyl'toluent  C.H,Brj(CHj)y  crystallizing  from  alcohol 
in  pearly  scales,  melting  at  72"*. 


ISOXYLENE,   OB   1*3   DIMETHYL-BENZENE, 

Forms  generally  the  chief  portion  of  coaltar-xylene,  and  is 
obtained  pure  by  distilling  mesitylenic  acid  CgH3(CH3)2C02H  with 
lime.  It  is  a  Umpid  liquid,  boiling  at  138^  and  smelling  like 
methyl-toluene.  It  is  only  slowly  acted  upon  by  nitric  acid,  whilst 
methyl-toluene  is  readily  oxidized  by  it  to  toluic  acid,  and  therefore 
an  almost  pure  isoxylene  may  be  prepared  by  heating  coaltar-xylene, 
which  contains  much  isoxylene,  with  dilute  nitric  acid. 

The  substitution-products  of  this  hydrocarbon  have  mostly  been 
obtained  from  crude  xylene,  and  many  of  them  are,  therefore,  probably 
mixtures. 

MonocfUoro-isoxyUne  CJB.fi[(CIl^^  is  produced  when  xylene  is 
acted  on  by  chlorine  either  in  the  cold  or  in  presence  of  iodine ;  it 
is  a  colourless  liquid,  boiling  at  183^ 

MonolrorMhisoxylene  C^firiCS^^  is  a  liquid,  boiling  at  205°, 
and  possessing  an  aromatic  odour. 

IHbromO'isoxylene  C.HjBrj(CHj)j  crystallizes  in  pearly  scales,  melts 
at  69°,  and  boils  at  256°. 

NUro-isooeyUne  Cfi^(SO^{C^^^  is  formed,  together  with  dinitro- 


'.^ 
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isoxylene,  by  dissolving  the  hydrocarbon  in  cold,  fuming  nitric  acid. 
It  is  a  pale-yellow  liquid,  boiling  at  239**, 

Dinitro-isoxylene  Cfi^QSO^^ifiK^^  crystallizes  from  alcohol  in  long 
brilliant  prisms,  melting  at  93^ 

Trinitro-isoxylene  G^{JSO^^(p]i^^  forms  colourless  crystals,  melt- 
ing at  177^ 

Amido'isoxyleTie  C^^{^H^{C1S.^^  is  a  colourless  liquid,  boiling  at 
216°,  and  forming  crystallizable  salts. 


ORTHOXYfiENE,  OE  1-2  DIMETHYL-TOLUENE. 

This  hydrocarbon  has  been  obtained  by  distilling  paraxylic  acid 
CeH3(CH3)gC02H  with  lime.  It  is  a  liquid,  boiUng  at  140^  and 
possessing  a  peculiar,  unpleasant  odour.  It  does  not  form  readily 
solid  nitro-compounds. 


XYLENOLS. 


Isoxylenol  CgH3(OH)(CH3)2. — When  mesitylenesulphonic  acid  is 
heated  with  potash  to  250°,  it  is  converted  into  oxymesitylenic  acid, 
which,  by  heating  the  fused  mass  to  290°,  is  changed  into  isoxylenol : 

(1)  CeH,(CH3)3S03K  -h  3K0H  =  CeH^CCH,),  |  ^^^  +  3H,0 

(2)  CeH,(CH3)3  {  g  J^^  +  KOH  =  C,H3(CH3),OK  -h  K^CO, 

It  is  a  crystalline  solid,  melting  at  75°,  and  boiling  at  216°. 

By  dissolving  crude  xylene  in  sulphuric  acid,  and  fusing  the 
xylenesulphonic  acid  with  caustic  potash,  two  xylenols  are  obtained  ; 
one  seems  to  be  identical  with  that  obtained  from  mesitylene,  and  the 
other  is  a  colourless,  strongly  refractive  liquid,  boiling  at  211°*5. 

Phlorone,  or  Xyhquinone  Cfi^{CE.^fi^  is  produced  by  treating 
coaltar-oil  or  creosote,  boiling  above  210°,  with  manganese  dioxide 
and  sulphuric  acid.  It  forms  golden-yellow,  oblique,  rhombic  prisms ; 
on  heating,  it  gives  off  a  very  pungent  smell,  which  attacks  violently 
tlie  eyes  and  mucous  membranes.  It  is  soluble  in  boiling  water, 
and  sublimes  on  heating. 

Hydrophlorone,  or  Xylohydroquinone  C^^{C'S,^JO^^^  is  obtained 
by  reducing  phlorone  with  sulphurous  acid,  and  crystallizes  from 
boiling  water  in  white,  pearly  scales. 

Beta-orcin  CJ3^{0T1)^  is  obtained  from  usnic  acid,  and  similar  acids 
occurring  in  lichens,  by  the  same  method  by  which  orcin  is  prepared 
from  orsellinic  acid.     It  is  soluble  in  water  and  alcohol,  and  crystal- 
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lizes  in  colourless  prisms,  which  may  be  sublimed.  Its  ammoniacal 
solution  colours  red  in  the  air,  and  with  caustic  alkalis  it  yields  a 
red  colouring  matter.     Beta-orcin  is  probably  a  di-oxyxylene. 


TOLYL-  AND  TOLUYL-COMPOUNDS. 

f  CH 

Tolyl  or  JHylyl   Chloride  C^H^  i  CH*C1  ^®  Produced  by  passing 

chlorine  into  boiling  xylene  (isoxylene) ;  it  is  a  liquid  having  a  dis- 
agreeable smell,  and  boiling  at  193"*. 

Tolyl  Alcohol  C^H^^  CH*.OH'~^^®^  *^®  chloride  is  heated  with 

silver  acetate,  it  yields  tolyl  acetate,  a  liquid  possessing  an  aromatic 

odour,  and  boiling  at  226".     Alk^s  convert  it  into  tolyl  alcohol,  a 

crystalline  solid,  forming  white  needles,  which  melt  at  69^  and  boil 

at  217^ 

f  CH 
Tolylamine  C^H^  <  qj^  -jj-g. . — The  three  tolylamines  are  formed 

by  heating  the  chloride  with  alcoholic  ammonia.  They  neutralize 
acids,  and  form  crystalline  salts.  The  monamine  is  a  limpid  and 
very  alkaline  liquid,  boiling  at  196**,  and  smelling  like  herring's 
brine. 

Ditolylamine  [CgH.(CH3)(CH2)JNH  is  a  similar  body,  and  trUolyl- 
amine  [C^EL(CH.)(CHo)]8N  is  a  viscid  liquid,  having  a  faint  alkaline 
reaction.     The  di-  and  triamine  are  decomposed  by  heat. 

r  CH 

1*4  Paratoluic  Add  C^A  p^Vr  is  produced  by  boiling  methyl- 
toluene  or  cymene  for  several  days  with  nitric  acid  of  20  per  cent,  and 
distilling  the  product  with  steam,  or  treating  it  with  tin  and  hydro- 
chloric acid.  The  same  acid  has  been  obtained  by  passing  carbon 
dioxide  into  a  mixture  of  1*4  bromotoluene  and  sodium. 

Paratoluic  acid  forms  slender  needles,  melting  at  178**;  it  is  spa- 
ringly soluble  in  cold,  readily  in  hot  water,  and  forms  a  number  of 
substitution-products  resembling  those  of  benzoic  acid. 

ParatoltumitrUe  C^B.^{Cli^Gif  has  been  prepared  by  acting  on 
crystallized  toluidine  with  carbon  disulphide,  and  distilling  the 
sidphocarbotoluide  thus  formed  with  finely-divided  copper,  the 
reaction  taking  place  in  three  stages.  First,  the  toluide  is  resolved 
into  tolyl  mustard-oil  and  toluidine;  then  the  copper  removes  the 
sulphur  from  the  former  compound,  tolylcarbamine  being  produced, 
which  at  the  high  temperature  is  converted  into  the  nitrile : — 

(1)  CS { NH  c"H*Cn*  =  NH^C,H,.CH,  +  CS.KC,H,.CH, 

(2)  CS.N.C8H^.CH3  +  2Cu  =  CN.C,H^.CH,  4  Cu^S 

(3)  CN.C„H,.CH,  =  NCCeH^-CHj 
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Paratoluonitrile  forms  fine  white  needles,  melting  at  30%  and 
smelling  like  oil  of  bitter  almonds.  By  heating  it  with  concentrated 
hydrocUoric  acid  to  200"",  it  is  converted  into  paratoluic  acid. 

1'3  Iwtoluic  Acid  is  formed  by  oxidizing  isozylene^  bat  is  more 
conTenientty  prepazed  by  heating  the  calimnm^wJt  of  uvitic  acid 
CgH3(CH3)(C02H)2  with  slaked  lime  above  the  melting-point  of  lead  ; 
this  reaction  is  quite  analogous  to  the  formation  of  benzoic  acid 
from  phthalic  acid.  Isotoluic  acid  crystallizes  from  water  in  needles, 
melting  at  IDS'". 

1*2  Orthotoluic  Add  has  been  obtained  by  boiling  orthoxylene  with 
dilute  nitric  acid.  It  crystallizes  firom  a  hot,  dilute,  aqueous  solution 
in  long,  transparent,  pointed  prisms,  melting  at  102^ 

OrthotoluonitrUe  is  produced  by  converting  pseudotoluidine  into 
the  corresponding  mustard-oil,  and  distilling  the  latter  with  finely- 
divided  copper.  It  is  a  refractive  liquid,  smelling  like  nitrobenzene, 
and  boiling  at  204"".  By  heating  it  with  hydrochloric  acid  to  200"*,  it 
is  converted  into  orthotoluic  acid;  but  alcoholic  potash  acts  only 

slowly  on  it,  converting  it  into  orthotoluylamidt  C^H^  \  CO  NH  '  ^^7®" 

tallizing  from  boiling  water   in   very  long    and  slender  needles, 
melting  at  138% 


TOLYLENE-COMPOUNDS. 

Tolylene  Glycol  C^H^  |  CH^^H'— ^®  chloride  of  this  alcohol  is 

produced  by  passing  chlorine  into  boiling  methyl-toluene.  It  is 
easily  converted  into  the  glycol  by  heating  it  with  thirty  parts  of 
water  for  three  hours  to  180*.  To  isolate  the  glycol,  the  solution  is 
allowed  to  evaporate  at  the  ordinary  temperature,  and  not  on  a  water- 
bath,  because  when  the  hydrochloric  acid  becomes  concentrated  a 
part  of  the  alcohol  is  reconverted  into  the  chloride.  The  con- 
centrated solution  is  neutralized  and  shaken  with  ether,  tiiie  ether 
evaporated,  and  the  residue  crystallized  from  water  in  vcumo.  Tolyl- 
ene glycol  forms  white,  opaque,  interlaced  needles,  melting  at  113% 
By  heating  it  with  chromic  acid  solution,  it  is  oxidized  to  terephthalic 
acid  CeH,(COjH),. 

Tolylene  Dichloride  C^J^GKfi\\  is  also  produced  by  distilling  the 
glycol  with  hydrochloric  acid;  it  crystallizes  from  alcohol  in  hard, 
large,  transparent,  clinorhombic  laminae,  melting  at  100%  and  boiling 
at  240**  to  245".  By  dissolving  it  in  fuming  nitric  acid,  it  is  converted 
into  nitrotolylene  duMoride  CgH'3(N02)(CH2Cl)„  crystallizing  from 
alcohol  in  small  biilliant  plates,  melting  at  35  ,  and  possessing  an 
agreeable  smell. 

Tolylene  Dibromide  CeH^(CHjBr)j  is  produced  by  adding  bromine 
drop  by  drop  to  boiling  methyl-toluene,  and  by  distilling  the  glycol 
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with  hydrobromic  acid.  It  crystallizei  from  alcohol  in  small  pearly 
plates,  which  are  isomorphous  with  the  chloride,  and  from  chloroform 
in  hard  brilliant  crystals,  melting  at  (146^  In  the  piepaiation  of 
this  body  from  the  hydrocarbon,  higher  brominated  products  are 
formed  at  the  same  time,  the  vapours  of  which  attack  the  eyes 
horribly. 

Tolylene  Di-iodide  C^liJiCR2^)2  j^  obtained  by  distilling  the  glycol 
with  hydriodic  acid.  It  crystallizes  in  small,  rhomboidal  plates, 
which  are  decomposed  by  heat. 

(  OH  OH 

Tolylene  Jfanobenzoate  C^H^  \  CH*  OC  H  0* — ^^  ether  is  formed 

by  heating  the  chloride  with  an  alcoholic  solution  of  sodium  benzoate 
to  100^    It  crystsdlizes  from  ether  in  long,  fine,  light  needles. 

r  CH  OC  H  o 
Tolylene    Diacetate  C^H^-j  CH*^OC*h!o  ^^  ^^^^  produced    by 

heating  the  bromide  or  chloride  with  sodium  acetate  and  alcohol  to 
160*.     It  forms  hard  crystals,  melting  at  4T*. 

Tolylene  MonethyUEther  C^H^  -j  cu  OC  H  ^  obtained  by  boiling 

the  chloride  with  concentrated  alcoholic  potash,  as  a  fragrant  liqnid 
boiling  at  252°. 

}CH  OH 
rof>H  ' 

— ^To  obtain  this  acid,  bromine  vapour  is  passed  into  paratoluic  acid, 
heated  to  170^  and  boiling  the  product  with  barjrta- water.  It  is 
more  freely  soluble  in  water  than  paratoluic  acid,  and  crystallizes  in 
flat  needles,  melting  at  about  180^ 


OXYTOLUYL-COMPOUNDB. 


r  CH 

Creeotic  Acid  C^H,(OH)  -}  qq'h  ^  Produced  by  passing  carbon 

dioxide  into  a  mixture  of  sodium  and  coaltar-cresol.  It  crystallizes 
from  hot  water  in  brilliant  needles,  melting  at  174*,  and  giving,  with 
ferric  chloride,  a  deep-violet  colour. 

Orsellinic  Acid  C^H,(0H)2-<  qq  jj  is  produced  by  boiling  erythrin, 

or  lecanoric  acid  with  baiyta-water.  It  is  readily  soluble  in  water, 
crystallizes  in  prisms,  possessing  a  bitter  and  sour  taste.  By  dry 
distillation,  or  by  boiling  it  for  some  time  with  baryta- water  or  milk 
of  lime,  it  is  resolved  into  carbon  dioxide  and  orcin  C0H3(CHj)(OH)j 
(see  page  352). 

Erythrin  CjqH-jO,^. — ^This  compound,  which  is  also  called  erythric 
acid,  occurs  in  the  lichens  which  are  used  for  preparing  archil,  the 
finest  kind  of  which  is  obtained  from  Bocella  tinctoria.  It  is  prepared 
by  boiling  this  lichen  with  milk  of  lime,  and  precipitating  the 
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filtered  solution  with  hydrochloric  acid.  The  precipitate  is  dried 
and  crystallized  from  warm  alcohoL  *  It  is  almost  insoluble  in  water, 
and  forms  crystalline  globular  masses.  By  boiling  it  with  water,  it  is 
resolved  into  picrocrj/thrite  CigHj^Oy,  a  crystalline,  bitter  substance, 
and  orsellinic  acid.  If  the  ebullition  be  continued,  or  if  erythrin 
be  boiled  with  baryta-water,  erythrite  C^Hg(OH)^  (P^g©  277)  and 
orsellinic  acid  are  produced.  These  reactions  show  that  both 
erythrin  and  picro-erythrite  are  orsellinic  ethers  of  the  tetrad  alcohol 
erythrite,  and  have  the  following  constitution : — 

Erytlma  C,H,(OH),  )  p°J,  -  ,  (,„ 

c.H.(OH).|c2ff'''°no« 

Picroerythiite  C„H,(OH),  |  c0.bc«H,(OH), 

Lecanoric  Acid,  or  Diorsellinic  Acid  Q^^^fi^,  is  found  in  a  variety 
of  Bocella  tinctoria  growing  in  South  America,  and  in  other  lichens, 
and  is  prepared  in  the  same  way  as  orsellinic  acid.  It  crystallizes 
from  alcohol  in  prisms.  On  boiling  it  with  baryta-water,  it  yields 
as  first  product,  only  orsellinic  acid,  and  has^  therefore,  the  following 
constitution ; — 


W(OH)  {  C^H 
«H,(OH)  I 


CH, 
CO,H 

Evemic  Acid,  or  Mtthyl-lecanoric  Add  C.^ H^gO^,  is  found  in  JEvemia 
Prunastri,  and  is  resolved  by  boiling  it  with  baryta-water  into  orsel- 
linic acid  and  eveminie  acid  CgHj^O^  which  crystallizes  from  hot 
water  in  needles.  The  constitution  of  these  acids  is  explained  by 
the  following  fonnulse : — 

rOH 
Eveminie  Acid  C8H.(CH,)  ^  OCH, 

(CO,H 


lc.H.(OHj| 


Evernic  Acid  v^  ^  f  OH 

CeH,(CH3)^QQ^g 


Vsnic^  Acid  Cy^^^fi^  has  been  found  in  Usnea  harhata  and  other 
lichens ;  it  crystallizes  from  alcohol  in  brilliant  yellowish-white  broad 
needles,  and  yields  on  distillation  heta-orcin  CgHj^Oj  (page  376).  The 
constitution  of  usnic  acid  is  probably  similar  to  that  of  lecanoric 
acid,  viz. : — 


0  f  C,H(CH,),(OH)CO,H 
"^  \  CeH(CH3),(0H)C0,H 
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PHTHALIC  ACIDS  CJSi^  |  qq  OH* 

o 

Terephthalic  Acid  is  easily  obtained  by  oxidizing  methyl-toluene  or 
any  other  aromatic  hydrocarbon,  alcohol,  acid,  &c.,  containing  two 
side-chains  in  the  position  1*4,  by  a  solution,  consisting  of  2  parts 
of  potassium  dichromate,  3  parts  of  sulphuric  acid,  and  15  parts  of 
water.  It  is  a  white  crystalline  powder,  almost  insoluble  in  water, 
alcohol,  and  ether,  and  subliming  without  previously  melting.  It 
forms  crystallizable  salts  ;  calcium  and  barium  terephthalate  are  but 
sparingly  soluble  in  water. 

The  smallest  quantity  of  terephthalic  acid  can  be  easily  recognized 
by  treating  it  with  a  little  phosphorus  pentachloride,  and  adding  some 
methyl  alcohol,  and  then  a  little  water,  and  shaking  the  whole  with 
ether.  On  evaporating  the  ethereal  solution,  methyl  terephthalcUt 
separates  in  ciystals,  melting  at  140'*.  In  the  same  way  ethyl  tere- 
phthalate, melting  at  44**,  may  be  obtained. 

Hydroterephihalic  Acid  CgHg(C02H)2  is  a  white  crystalline  powder, 
which  is  formed  by  acting  with  sodium-amalgam  on  an  alkaline 
solution  of  terephthalic  acid. 

Terephthaionitrile  C^H^  <  r^^  is  produced  by  distilling  a  mixture  ol 

potassium  benzene-disulphonate  and  potassium  cyanide.  It  forms 
prismatic  needles,  having  an  aromatic  odour,  and  dissolving  sparingly 
in  alcohol,  but  not  in  water.  By  boiling  it  with  potash,  it  is  converted 
into  terephthalic  acid. 

Isapkthalic  Add  is  readily  formed  by  boiling  isoxylene  with  chromic- 
acid  solution,  and  also  by  oxidizing  colophony  with  nitric  acid.  It  is 
almost  insoluble  in  cold  water,  only  sparingly  in  boiling  water,  but 
more  freely  in  alcohol,  and  crystallizes  in  very  thin,  long  needles, 
melting  above  300^  Isophthalic  acid  has  also  been  produced  by 
fusing  potassium  sulphobenzoate  with  sodium  formate : — 

^«^«  {  CO,K  +  ^0«N*^  =  ^o^*  {  CoIk  +  ^0»^*H 

Phthalic  Acid  is  not  obtained  by  oxidizing  orthoxylene  or  ortho- 
toluic  acid  with  chromic  acid,  because  the  latter  acid  bums  the 
phthalic  acid  completely  to  carbon  dioxide  and  water,  but  is  formed 
by  oxidizing  naphthalene,  anthracene,  and  several  derivatives  of  these 
hydrocarbons,  which  contain  two  carbon-atoms  linked  to  two  adjoin- 
ing carbon-atoms  of  the  aromatic  nucleus.  It  is  usually  prepared  by 
acting  with  chlorine  on  naphthalene,  and  boiling  the  product  with 
nitric  acid.  It  crystallizes  from  boiling  water  in  plates  or  thick 
prisms,  melting  at  175**.     Above  this  temperature  it  is  resolved  into 

water  B,nd  pJUhalic  anhydHde  C^H^-J  qq/0,  which  sublimes  in  long 

needles,  melting  at  129^ 
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When  calcium  phthalate  is  heated  with  quicklime  to  300^  it  is 
couverted  into  calcium  benzoate,  but  at  a  higher  temperature  bemene 
is  formed. 

f  CO  H 

HydropJUhalie  Acid  C^H^  \  CO^H  ^  f*^^™^  ^7  ^^^  action  of  sodium 

amalgam  on  an  alkaline  solulion  of  phthalic  acid.     It  crystallizes  in 
hard  monoclinic  plates,  and  yields,  on  heating,  phthalic  anhydride. 


ETHYL-BENZENE  C^Hg.CjHj. 

This  hydrocarbon  is  produced  by  acting  with  sodium  on  a  mixture 
of  bromobenzene,  ethyl  bromide,  and  pure  ether.  It  is  a  limpid, 
refractive,  aromatic  liquid,  boiling  at  134^ 

Ethylrnonobraniobenzene  CgH^Br.GjHg  is  produced  by  acting  on  the 
hydrocarbon  with  bromine  in  the  presence  of  iodine ;  it  is  a  liquid 
at 199^ 

By  adding  fuming  nitric  acid  to  well-cooled  ethyl-benzene  until 
the  hydrocarbon  is  dissolved,  two  ethylmonitrobenzenes  C^H.(N0^CjH5 
are  formed.  On  boiling  at  246'',  it  is  oxidized  by  boiling  dilute  nitric 
acid  to  nitrodracylic  acid,  whilst  the  second,  boiling  at  22T,  is  com- 
pletely destroyed  by  boiling  it  with  nitric  acid. 

Mhylamidobenzene  C0H^(NH2)O^5  is  obtained  from  the  first  of  the 
two  nitro-compounds  as  a  limpid  liquid,  boiling  at  214^ 

Ethyloxyhenzene,  or  Mhylphenol  C^H^(OH)C2H5,  is  formed  by  dis- 
solving the  hydrocarbon  in  sulphuric  acid,  and  fusing  the  sulpho-acid 
with  potash.  It  has  great  resemblance  to  common  phenol,  forming 
prismatic  crystals,  melting  at  48^  and  boiling  at  210^ 

Phlorol  C5H^(OH)C2H5. — This  isomeride  of  ethylphenol  has  been 
obtained  by  distilling  phloretic  acid  CjH^(OH)CjH^  with  baryta ;  it  is 
a  liquid  boiling  at  120^ 


STYROLYL-COMPOUNDS. 

Styrolyl  Chloride  C^H^.C^H^Cl  is  formed  by  passing  chlorine  into 
boiling  ethyl-benzene ;  it  is  a  liquid  boiling  with  partial  decom- 
position at  about  200^ 

Styrolyl  Bromide  C^Hg.C^H^Br. — To  prepare  this  compound,  pure 
bromine,  which  is  perfectly  free  from  iodine,  is  added  to  cold  ethyl- 
benzene.  It  is  a  heavy  liquid,  which  may  be  distilled  under  a 
diminished  pressure,  but  under  the  ordinary  atmospheric  pressure  it 
is  partially  resolved  into  hydrobromic  acid  and  styrolene. 

Styrolyl  Alcohol  C^H^.CjH^.OH. — When  the  bromide  is  heated  with 
potassium  benzoate,  a  portion  is  decomposed  into  hydrobromic  acid 
and  styrolene,  whilst  anotlier  is  converted  into  s/yro/y/  henzoate,  which 
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forms  colourless  crystals.  This  ether  is  decomposed  by  alkalis,  the 
alcohol  being  formed,  a  heavy  liquid,  boiling  at  225'',  and  possessing 
an  aromatic  odour. 

Styrolyl^thyl  Ether  O  <  ^^  ^  jj     is  produced  by  heating  the 

bromide  with  alcoholic  potash  or  ammonia : — 

CeH,.C^,Br  +  C^5.0H  +  NH,  =  ^.  ^  ^«§»  }  0  +  NH.Br 

It  is  a  mobile,  fragrant  liquid,  boiling  at  187^ 

Phenylacetic  or  Alphatoluic  Acid  C^Hg.CHj^COjH. — This  acid  was 
first  obtained  by  boiling  vulpinic  acid  (see  below)  with  baryta-water. 
It  has  been  prepared  synthetically  from  its  nitrile,  and  by  heating 
bromobenzene  and  ethyl  chloracetate  with  silver-dust : — 

CH,(C1)C0^C,H,  +CeH,Br  +  Ag,  - 
CH,(CeH,)CO^C,H,  +  AgCl  +  AgBr 

Phenylacetic  acid  forms  thin,  brilliant  plates,  melting  at  7&''5,  and 
boiling  at  261^  Chromic  acid  oxidizes  it  to  benzoic  acid,  and  when 
heated  with  lime  it  yields  toluene.  With  chlorine,  bromine,  faming 
nitric  acid,  it  gives  substitution-products,  resembling  those  of  benzoic 
acid. 

Phenylacetonitrih  C^Hg-CHyCN  is  a  liquid  resembling  benzonitrile, 
and  boiling  at  229^  It  is  obtained  by  distilling  benzyl  chloride  with 
potassium  cyanide. 

Vulpinic  Add  C^^yfi^  exists  in  Cetraria  vulpina,  Pamulia 
parietina,  and  other  lichens,  and  may  be  extracted  from  them  by 
chloroform.  It  crystallizes  in  lemon-ryellow  thick  prisms,  melting 
at  110''.  Boiling  baryta-water  resolves  it  into  methyl  alcohol,  oxalic 
acid,  and  phenylacetic  acid  : — 

Ci^Hi^Og  +  4HjO  =  CKfi  +  CjHjO^  +  2C8H80, 

When  it  is  boiled  with  dilute  potash,  it  yields  methyl  alcohol, 
carbon  dioxide,  and  oxatoluic  acid : — 

Ci^HxA  +  3H,0  =CH,0  +  2C0,  +  C,^U,fi, 

Oxatoluic  Add  forms  four-sided  prisms,  melting  at  154^  and  is 
monobasic  like  vulpinic  acid.  Concentrated  boiling  potash  resolves 
it  into  oxalic  acid  and  toluene : — 

CieH^A  +  H,0  =  C,H,0,  ^  2C,H3 

Methyl'ph^nyl  Kdoue,  or  AcetyUbenzene  C^He.CO.CHj,  is  obtained 
by  distilling  a  mixture  of  calcium  benzoate  and  acetate. 

It  is  a  Umpid  liquid,  boiling  at  IPS'*.  By  dissolving  it  in  cold 
concentrated  nitric  acid,  it  is  converted  into  methyl-mononitropJunyl 
ketone  C^H/NOJCO.CHj,  which  crjstallizes  in  needles.  An  isomeride 


■•^ 
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is  obtained  by  the  action  of  hot  nitric  acid  on  the  ketone  as  an  orange- 
red,  syrupy  liquid. 

Secondary  Styrolyl Alcohol,  OT  Phenyl-meihyl  Carhinol^  tt*  vCBLOH 

is  produced  by  the  action  of  sodium-amalgam  on  an  alcoholic  solution 
of  the  ketone.     It  crystallizes  in  long  prisms,  melting  at  120^ 

Pkenylglycolyl  Chloride  CgHg.CO.CHgCl  is  formed  by  passing 
chlorine  into  the  boiling  ketone ;  it  crystallizes  in  plates,  melting  at 
41^  boiling  at  246^  and  possessing  a  pungent  smell. 

Phenylglycolyl  Acetate  C^^.CO.CK^OCfifi  has  been  prepared 
by  heating  the  chloride  with  alcoholic  and  potassium  acetate.  It 
crystallizes  in  large  rhombic  plates,  melting  at  44",  and  boiling  at 
270**.  Alcoholic  potash  converts  it  into  phenylglycolyl  alcohol,  which 
has  not  been  obtained  in  a  pure  state. 

Phenylglycollic  Add,  or  Mandelic  Add  CgH5.CH(OH).C02H,  is 
produced  by  heating  an  alcoholic  solution  of  oil  of  bitter  almonds, 
prussic  acid  and  hydrochloric  acid  for  some  time  to  90**.  It  is  readil/ 
soluble  in  water,  and  crystallizes  in  prisms.  On  heating  it  with 
hydriodic  acid,  it  is  reduced  to  phenylacetic  acid,  and  oxidizing 
agents  convert  it  into  benzoic  acid.  Mandelic  acid  is  isomeric  with 
cresotic  acid  and  tolyleneglycoUic  acid : — 

Cresotic  Acl(L  TolyleneglycoUic  Acid.  Mandelic  Acid. 

C.H3  j  CH,  C^H,  {  g ^2^°  CeH,.CH(OH)CO,H 

(.  CO,H  *•  ^^«^ 


ETHENYL-BENZENE,  OR  STYROLENE  CgHe.CjH-. 


This  hydrocarbon,  which  has  also  been  ceHH^di phenyl-ethene,  occurs 
in  the  liquid  styrax  (from  Styrax  offidnalie),  and  is  isolated  by  dis- 
tilling this  balsam  with  a  solution  of  sodium  carbonate  to  retain 
cinnamic  acid.  It  is  also  obtained  by  distilling  cinnamic  acid 
C-H,.C2H2.COoH  with  baryta,  and  by  heating  styrolyl  bromide  with 
alkalis  or  distilling  secondary  styrolyl  alcohol  with  zinc  chloride.  It 
appears  to  exist  in  coaltar,  and  is  produced  together  with  benzene 
and  other  bodies  when  acetylene  is  heated  to  a  dull-red  heat 

Styrolene  is  a  mobile,  very  refractive,  and  fragrant  liquid,  boiling 
at  146**.  When  it  is  heated  to  200^  it  is  converted  into  a  polymeride, 
called  metastyrolene ;  this  transformation  also  takes  place  slowly  at 
the  ordinary  temperature.  By  distillation  it  is  reconverted  into 
styrolene. 

Distyrolene  CjgHjg  is  formed  by  heating  styrolene  with  hydrocliloric 
acid  to  170"*;  it  is  an  oily  liquid,  which  on  distillation  does  not  yield 
styrolene. 

The  hydrocarbon  existing  in  styrax  is.  optically  active,  possessing  a 
right-hauded  rotatory  power ;  but  that  obtained  from  cinnamic  acid  is 
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inactive.  Styrolene  is  an  aromatic  define,  and  combines  readily  with 
the  elements  of  the  chlorine  group. 

Styrolene  Dichloride  C^Hg.CjHjCL  is  a  liquid  which,  on  distilling 
it  alone  or  with  lime,  is  resolved  into  hydrochloric  acid  and  mono- 
chlorostyrolene  C^Hg.CjHoCL 

Styrolene  Diliromide  C^Hg.CgHjBrg  crystallizes  in  broad  needles, 
possessing  a  pungent  aromatic  odour.  It  melts  at  67^  and  distils 
at  230°. 

Styrolene  Di-iodide  C^Hg.C.HjTj  separates  out  in  crystals  on  add- 
ing st3rrolene  to  a  solution  of  iodine  in  potassium  iodide.  It  is  an 
unstable  body,  which  easily  decomposes  into  iodine  and  metastyrolene. 

Nitrostyrolene  C^H^(N0^C2H-  is  formed  by  dissolving  styrolene  iu 
fuming  nitric  acid.  It  crystallizes  from  alcohol  in  large  prisms, 
possessing  a  pungent  and  aromatic  odour. 


ETHINYL-BENZENE,  OR  ACfETENYL-BENZENE,   C^Hg.CjH. 

This  hydrocarbon  is  formed  by  heating  styrolene  dibromide  with 
an  alcoholic  potash-solution : — 

an^.CHBr— CH„Br  =  aH,.C=CH  +  2HBr 


It  has  also  been  obtained  from  methyl-phenyl  ketone,  by  a  re- 
action corresponding  to  the  formation  of  allylene  from  dimethyl 
ketone.  Phosphorus  pentachloride  converts  the  ketone  into  the 
dichloride  CgH5.CCl2.CH3,  which  with  alcoholic  potash  yields  ethi- 
nyl-benzene. 

It  is  a  limpid  and  very  refractive  liquid,  boiling  at  140^  and 
possessing  an  aromatic  odour.  In  its  chemical  properties  it  shows 
the  greatest  analogy  to  acetylene  and  allylene. 

Sodium-ethinyl-benzene  CJH^.CjNa  is  produced  by  adding  sodium  to 
an  etherial  solution  of  the  hydrocarbon ;  it  is  a  white  powder,  which 
in  the  air  rapidly  absorbs  oxygen,  and  becomes  red-hot,  leaving  a 
residue  of  carbon,  and  sodium  carbonate.  Water  decomposes  it  into 
etbinyl-benzene,  and  caustic  soda. 

Silver-ethinyl-benzene  C^Hg.CgAg  is  obtained  as  a  light-grey  preci- 
pitate by  adding  an  alcoholic  solution  of  the  hydrocarbon  to  an 
ammoniacal  silver-solution. 

C  H  C  1 

Copper-eihinyl-benzene  n^vi^n*  \  Cu^  is  a  yellow  precipitate,  pro- 
duced by  adding  a  very  dilute  alcoholic  solution  of  ethinyl-benzene 
to  an  ammoniacal  solution  of  cuprous  chloride. 


C  c  c 
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COMPOUNDS  WITH  NINE  ATOMS  OF   CARBON. 

The  compounds  of  this  group  are  derived  from  the  following 
hydrocarbons : — 

{CH 
Methyl-ethyl-benzene C^H^  1  C  if 

N      2     6 

Propyl-benzene C^Hg.CjHy 

r  CH 

Isopropyl-benzene  or  Cumene      .    .  CgHg.CH-JQg' 
AUyl-benzene    .     .     , CgHg.CgHg 


TRIMETHYL-BENZENES  CeHjCCHj),. 

MESITYLENK,   OR  I'S'S  TBIMETHYL-BENZENE 

Occurs  together  with  pseudocumene  in  coal-tar,  and  is  produced  by 
acting  with  sulphuric  acid  on  acetona  Each  molecule  of  this  com- 
pound loses  one  molecule  of  water,  and  the  residues  CHj  —  C — CH 
combine,  three  methyl-ethines  being  condensed  to  trimethyl-benzene, 
just  as  three  molecules  of  ethine  form  one  of  benzene.  (See  page  318.) 
This  reaction  shows  that  the  methyls  occupy  the  symmetrical  position 
1-3-5. 

Pure  mesitylene  is  prepared  by  pouring  one  volume  of  acetone  on 
some  sand  placed  in  a  retort,  and  then  adding  a  cold  mixture  of  one 
volume  of  sulphuric  acid  and  half  a  volume  of  water. 

After  24  hours,  the  mixture  is  distilled,  and  the  distillate  purified 
by  continued  fractional  distillation.  Pure  mesitylene  is  a  refractive 
liquid,  possessing  a  peculiar  smell,  and  boiling  at  163**. 

MonochloTomesitylene  CgH2Cl(CH3)3  is  a  limpid  liquid,  boiling 
at  205'. 

Dichloromesitylene  C^'H.GIJC'H.^^  crystallizes  from  alcohol  in  shining 
prisms,  melting  at  59^  and  boiling  at  205^ 

Trichloromesitylene  Cfi\^{CBL^^  melts  at  204°,  and  sublimes  in  long 
prisms. 

These  three  compounds  are  formed  by  the  action  of  chlorine  on 
cold  mesitylene. 
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Mondbromomesitylene  C^fix{GR^^  is  a  liquid,  boiling  at  225'',  and 
solidifying  below  0°. 

DibromO'  and  Tribromomesitylene  are  crystalline  solids ;  the  former 
melting  at  SQ"",  and  the  latter  at  244°. 

MononitroTtusitylene  C^H2(N02)(CH3)3  is  produced,  together  with 
mesitylenic  acid,  by  heating  mesitylene  with  common  nitric  acid.  It 
crystallizes  from  alcohol  in  long,  thick  prisms,  melting  at  41",  and 
boiling  between  240°  to  250°. 

Dinitromesitylene  CgH(N02)2(CH8)8  is  formed  by  dissolving  the 
hydrocarbon  in  fuming  nitric  acid,  and  crystallizes  in  thin  brilliant 
needles,  melting  at  86°. 

Trinitramesitylene  Cg(N02)8(CH8)8  is  obtained  by  acting  on 
mesitylene  with  a  mixture  of  concentrated  nitric  acid  and  sulphuric 
acid.  It  is  sparingly  soluble  in  alcohol,  and  crystallizes  in  needles, 
melting  at  232°. 

Amidomesitylene  CQll^i^^^iCIl^^  is  but  slowly  formed  by  boiling 
nitromesitylene  with  hydrocUoric  acid  and  tin.  It  is  an  oily  liquid, 
and  forms  crystalline  salts. 

Diamidomesitylene  C-H(NH2)2(CH8)8  crystallizes  from  hot  water  in 
long,  white  needles,  melting  at  90°,  and  forms  crystallizable  salts. 

Mesitylenesulphonic  Acid  CgH2(CH8)3S08H. — Mesitylene  dissolves 
in  warm  fuming  sulphuric  acid,  and  on  cooling  the  sulphonic  acid 
crystallizes  out  in  needles.  By  fusing  it  with  caustic  potash,  it  yields 
oxymesitylenic  acid,  and  isoxylenol  (see  page  376). 

Hexahydrovvesitylene  C^^{C}1^^  has  been  produced  by  heating 
mesitylene  and  phosphonium  iodide  gradually  to  280° : — 

*      CeH3(CH8)3  +  aPHJ  =  CeH,(CH3)3  +  3PI 

It  is  a  liquid  boiling  at  136%  and  smelling  like  petroleum. 
Oxidizing  agents  act  on  it  but  slowly,  and  fuming  nitric  acid  con- 
verts it  only  on  boiling  into  trinitromesitylene. 


PSEUDOCUMENE,  OR   1*3"4  TMMETHYL-BENZENE. 

This  name  was  originally  given  to  a  liquid  boiling  at  about  166°, 
which  is  obtained  by  the  fractional  distillation  of  coal-tar  naphtha. 
Eecent  researches  have,  however,  shown  that  this  body  is  a  mixture 
of  mesitylene,  and  an  isomeride  for  which  the  name  pseudocumene 
has  been  retained. 

Pure  pseudocumene  has  been  obtained  by  acting  with  sodium  on 
a  mixture  of  methyl  iodide,  and  either  bromo-isoxylene  or  bromo- 
methyltoluene,  from  which  it  appears  that  the  three  methyls  occupy 
the  position  1;3'4. 

Manobromopseudocumene  CgH2Br(CH8)3  is  formed  by  acting  with 

bromine  on  well-cooled  pseudocumene.     It  crystallizes  from  hot 

alcohol  in  thin  plates,  melting  at  73°. 

c  o  2 
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Dibrovwpseudocumene  C^^KBr^(GIl^^  is  a  heavy  liquid,  and  trihromo- 
psetidocvmene  GqBt^(CH^\  a  solid,  which  is  sparingly  soluble  in  alcohol, 
and  crystallizes  in  fine  needles. 

Mononitropscudocumenc  CgH2(NO«)(CHg)3  is  obtained  by  adding 
pseudocumene  drop  by  drop  to  well-cooled,  fuming  nitric  acid,  and 
crystallizes  from  alcohol  in  colourless  and  very  refractive  prisms, 
melting  at  71^  and  boiling  at  265°. 

Dinitropseudocumene  CgH(N02)2(CH3)3  is  obtained  in  small  quantity, 
together  with  the  trinitro-compound,  by  heating  mononitropseiido- 
cumene  with  concentrated  nitric  acid ;  it  is  a  heavy,  thick,  yellow, 
oily  liquid. 

Triiiitropsettdociimene  CQ(^0^^{CYf^\  crystallizes  from  benzene  in 
hard,  transparent,  square  prisms,  melting  at  185°. 

Amidopseiidocumene  CgH2(N'H2)(CH3)3. — When  nitropseudocumene 
is  heated  with  tin  and  hydrochloric  acid,  it  dissolves,  and,  on  cooling, 
shiniug  plates  of  '  the  double  salt  CeH2(CH3)3NH3Cl  -f  SnCl^ 
crystallize  out.  By  passing  hydrogen  sulphide  through  its  aqueous 
solution,  and  evaporating  the  filtrate,  amidopsevdocumetie  hydrochloride 
is  obtained  in  long  prisms.  The  free  base  crystallizes  from  alcohol  or 
hot  water  in  silky  needles,  melting  at  62°, 


ACIDS  DERIVED   FROM  THE  TRIMETHYI^BENZENES. 

Mcsitylenic  Acid  CgH3(CH3)2C02H  is  formed  by  boiling  mesity- 
lene  with  dilute  nitric  acid.  It  is  sparingly  soluble  in  water,  but 
freely  in  alcohol,  and  crystallizes  in  plates,  resembling  benzoic  acid, 
and  melting  at  166°.  Calcium  mesitylenate  2[(CeH2(CH3)2C0^2Ca] 
+  HgO  is  as  freely  soluble  in  cold  as  in  boiling  water,  and  forms 
crystalline  crusts ;  on  distilling  it  with  lime,  it  yields  isoxylene. 

r  OH 

Oxymesitylenic  Acid  CgH2(CH3)2  -J  p^  -rj  is  formed  by  heating 
potassium  mesitylenesulphonate  with  caustic  potash  to  250° : — 

(  SO3K  /  OK 

^6^0  ch;    +3K:OH  =  CeH2^ggj    +K2SO3  +  3H2 
(  CH;  (  CO2K 

It  sublimes  in  dazzling  white  needles,  melting  at  176°,  and  gives  a 
deep-blue  colour  with  ferric  chloride. 

r  CO  H 

Uvitic  Acid  CgH3(CH3)  <  riQ^xr. — This  acid  was  first  obtained  by 

boiling  pyruvic  acid  with  baryta- water,  and  it  is  also  produced  by 
oxidizing  mesitylene  with  nitric  acid.  It  crystallizes  from  boiling 
water  in  fine  needles,  melting  at  287°.  On  heating  it  with  lime,  it 
is  resolved  inta  carbon  dioxide  and  toluene.     Its  nitrile  has  been 
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obtained  by  heating  potassium  orthochlorotoluene-sulphonate  with 
potassium  cyanide. 

Trimesitic  Acid  CJ3,A  COgH  is  obtained  by  oxidizing  mesitylenic 

(  CO2H 
or  uvitic  acid  with  chromic  acid-solution.     It  crystallizes  from  boiling 
water  in  hard,  thick    prisms,  melting   at    300"".       Normal  barium 
mesitate    [CgH3(C02)3]2Ba3   +   211^0    is    a    crystalline    precipitate, 
which    is    almost    insoluble    in    water.       Acid     barium    mesitate 

CgHg  -J  >,Q  rf      +  4H2O  is  obtained  in  needles,  by  adding  a  solution 

of  the  acid  to  barium  chloride  ;  it  is  sparingly  soluble  in  cold,  and 
more  freely  in  boiling  water. 

Xylic  Acids  CgH8(CH3)2C02H. — When  pseudocumene  is  boiled 
with  dilute  nitric  acid,  two  isomeric  acids  having  this  composition 
are  formed.  They  are  separated  from  the  dibasic  xylidic  acid, 
which  is  formed  at  the  same  time,  and  nitro-products,  by  distilling 
repeatedly  with  water.  The  distillate  is  neutralized  with  sodium 
carbonate,  and  distilled  to  remove  some  nitropseudocumene,  and 
the  concentrated  solution  decomposed  with  hydrochloric  acid.  The 
acids  are  then  converted  into  the  calcium  salts,  which  are  separated 
by  recrystallization,  the  xylate  being  much  more  soluble  in  water 
tlian  the  paraxylate. 

Xylic  acid  is  sparingly  soluble  in  water,  and  crystallizes  fi*om 
alcohol  in  large  prisms,  melting  at  126°.  The  same  acid  has  been 
obtained  by  acting  with  carbon  dioxide  on  a  mixture  of  sodium  and 
monobromo-isoxylene.  By  heating  it  with  lime  it  yields  isoxylene. 
These  two  reactions  show  that  if  the  carboxyl  has  the  position  1,  the 
two  methyls  are  in  2  and  4. 

Chromic  acid  oxidizes  xylic  acid  to  carbon  dioxide  and  acetic  acid, 
no  tribasic  acid  being  formed. 

Paraxylic  Add  crystallizes  from  alcohol  in  large  pointed  prisms, 
melting  at  163°.  On  heating  it  with  lime,  it  is  resolved  into  carbon 
dioxide  and  orthoxylene,  showing  that  the  two  methyl-groups  are  in 
the  position  3*4 

Xylidic  Acid  C0H3  <  CO-H  is  almost  insoluble  in  water,  and  crys- 

LC0,H 
tallizes  from  alcohol  in  granular  nodules,  melting  at  291°^  and  sub- 
liming in  hard  needles. 


f  CH 

ETHYL-METHYL-BENZEXE  C^A  q  tj  • 

This  hydrocarbon  has  been  obtained  from  parabroraotoluene  and 
methyl  iodide.  It  is  a  liquid  boiling  at  159°,  and  yielding  by  oxida- 
tion paratoluic  and  terephthalic  acids. 
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(  CO  H 
Ethylhenzoic  Add  C^H^  l  p  h     ^^  ^®^  produced  by  oxidizing 

diethyl-benzene  with  dilute  nitric  acid,  and  by  passing  carbon  dioxide 
into  a  mixture  of  ethyl-monobromobenzene  and  sodium.  It  crystal- 
lizes, like  benzoic  acid,  in  flat,  brilliant  needles,  melting  at  110^ 
Chromic  acid  oxidizes  it  to  terephthalic  acid. 

Alphaxylic  Add  CqH  4  ^tt'  qq  h* — "^^  nitrile  of  this  acid  is 

formed  by  heating  tolyl  cMoride  with  potassium  cyanide ;  by  boiling 
it  with  caustic  potash  it  yields  the  acid,  crystallizing  &om  boiling 
water  in  shining  thin  plates,  melting  at  42°. 


PROPYL-BENZENE  C^Hg.CjHy 

Has  been  prepared  by  acting  with  sodium  on  a  mixture  of  propyl 
bromide  and  bromobenzene.  It  is  a  liquid  boiling  at  157"*.  On  heat- 
ing it  with  a  mixture  of  sulphuric  and  nitric  acids,  it  yields  a  liquid 
trinitro-compound ;  and  with  bromine  it  forms  propyUtetrahromo- 
benzene  C^HBr^.CjHy,  a  viscid  liquid. 

Phenylpropyl  Alcohol  CgH5.C3Hg.OH  is  found  together  with  dnnyl 
alcohol  CgH5.C3H..OH  (see  next  page),  and  is  also  formed  by  acting 
with  sodium-amalgam  on  an  aqueous  solution  of  the  latter  compound. 
It  is  a  liquid  boiling  at  235^ 

Phenylpropionie  Add  CgHg.CgH^.COjH. — This  compound  is  also 
called  hydrocinnamic  acid,  because  it  was  first  obtained  by  acting 
with  sodium-amalgam  on  an  aqueous  solution  of  dnnamic  acid 
CgH5.C2H2.CO2H.  It  is  also  produced  by  heating  styrolyl  chloride 
with  potassium  cyanide  and  alcohol,  and  boiling  the  solution  with 
potash,  and  by  oxidizing  phenylpropyl  alcohol  with  chromic  acid.  It 
crystallizes  from  boiling  wat^r  in  long,  thin  needles,  melting  at  47**, 
and  boiling  at  280^ 

Paranitrophenylpropionie  Add  CgH^(N02)CgH502  is  produced  by 
dissolving  phenylpropionie  acid  in  very  cold  fuming  nitric  acid.  It 
crystallizes  from  water  in  small,  flat,  brilliant  needles,  melting  at 
164°.     Chromic  acid  oxidizes  it  to  paranitrobenzoic  acid. 

Benzyl-methyl  Ketone  CgHg.CHj-CO.CHj  is  a  liquid  boiling  at  215°, 
which  has  been  obtained  by  the  action  of  zinc  methide  on  the  chloride 
of  phenylacetic  acid.  Chromic  acid  oxidizes  it  to  acetic  acid  and 
benzoic  acid. 


(UMENK,   OK   ISOPKOPYL-BENZENE   CgHg.CH  ]  p5^. 

This  hydrocarbon  exists  in  Boman  cumin-oil,  and  is  obtained  arti- 
ficially by  distilling  cumic  add  CgH^(C3Hy)C0^H  with  lime.  It  boils 
at  IbV^,  and  gives,  with  nitric  acid,  a  crystalline  trinitro-compound ; 
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and  with  excess  of  bromine  it  yields  pentrabromocumene,  crystallizing 
in  fine  needles,  melting  at  109°.  Cumene  has  not  yet  been  obtained 
synthetically ;  but  as  it  yields  benzoic  acid  by  oxidation,  and  boils  at 
a  lower  temperature  than  propyl-benzene,  it  must  be  isopropyl- 
benzene,  because  isopropyl-compounds  boil  always  at  a  lower  tem- 
perature than  the  corresponding  normal  propyl-compounds. 


ALLYL-BENZENB,  OR  PHENYL- PROPENE  CgHg.CjHg. 

This  hydrocarbon  is  formed,  together  with  phenylpropyl  alcohol, 
by  treating  an  aqueous  solution  of  cinnyl  alcohol  with  sodium- 
amalgam  : — 

CgHg— CH=CH— CH2.OH  +  H,  =  CeHg— CH=CH— CH3  +  H^O 

It  is  a  liquid  boiling  at  about  170°,  and  yielding,  with  bromine, 
phenyl-propene  dibromide,  CgHg.CgHgBr^,  crystallizing  from  alcohol  in 
large  plates,  melting  at  66°*5. 

{OCH 
p  TT  *  is  the  principal 

constituent  of  oil  of  anise-seed  and  similar  oils  (see  page  371),  and 
crystallizes  in  soft  shining  scales,  melting  at  20°,  and  boiling  at  225°. 
By  heating  it  with  solid  caustic  potash,  it  is  resolved  into  methyl 
alcohol  and  Anol,  or  Allyl-phenolj  OfiAOW)C^^,  crystallizing  in 
small  shining  plates ;  it  distils  with  partial  decomposition,  and  readily 
oxidizes  in  the  air. 

J  OCH 
— ^w,^.,  w. y -0— 8\ — /  I  o  H  ^'  exists  in  oil  of  cloves 

{Caii/ophyllus  aromaticus),  in  oil  of  pimento  {Myrtvs  pimenta  and  M. 
communis),  and  in  the  volatile  oils  of  Lauras  nobilis,  Persea  caryo- 
phyllaia,  B,nd  Canella  alba.  It  is  obtained  by  treating  oil  of  cloves 
with  caustic  potash,  which  dissolves  the  eugenol,  whilst  a  terpene 
Ci^H,g  is  left  behind.  By  passing  carbon  dioxide  in  the  filtered  and 
boiled  solution,  eugenol  is  set  free  as  a  colourless  and  very  refractive 
liquid,  which  soon  assumes  a  brown  colour.  It  boils  at  253°,  and 
possesses  an  aromatic  odour  and  a  very  pungent  and  hot  taste.  When 
heated  with  strong  hydriodic  acid,  it  yields  methyl  iodide  and  a  red 
resin  C^Hj^Oj ;  and  by  fusing  it  with  potash,  it  is  resolved  into  acetic 
acid  and  protocatechuic  acid. 


CINNYL-COMPOUNDS. 


CinnylAlcohol,  or  Ffunytailyl  Alcohol  C^Hg.CjH^.OH. — Liquid  styrax 
(page  384)  is  a  mixture^  of  styrolene,  cinnamic  acid,  the  cinnamic 
ethers  of  phenylpropyl  alcohol,  and  cinnyl  alcohol  and  resins.  To 
obtain  cinnyl  al'johui,  the  balsam  is  distilled  with  water  to  volatilize 
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styrolene,  and  the  residue  boiled  with  a  solution  of  sodium  carbonate, 
which  removes  the  cinnamic  acid.  The  residue  is  treated  with  cold 
alcohol  to  dissolve  the  resins,  and  the  remaining  ethers  are  separated 
by  crystallization  from  a  mixture  of  alcohol  and  ether  or  benzene. 
The  pure  crystalline  cinnyl  cinnamate  is  boiled  with  concentrated 
caustic  potash,  and  thus  cinnyl  alcohol  is  obtained,  crystallizing  in 
shining  needles.  It  melts  at  33°,  boils  at  250'',  and  possesses  a 
fragrant  odour  like  hyacinths. 

Cinnyl  Chioride  C^Hg.CgH^Cl  is  obtained  by  heating  the  alcohol 
with  hydrochloric  acid.  It  is  a  heavy,  oily  liquid,  which  possesses  an 
liromatic  odour,  and  is  decomposed  by  heat. 

Cinnyl  Iodide  CgHg.OgH^I  is  a  similar  body,  and  produced  by  treat- 
ing the  alcohol  with  iodine  and  phosphorus, 

Cinnylamine  C^Hg.C^H^.NHj  is  obtained  by  the  action  of  alcoholic 
ammonia  on  the  chloride.  It  sieparates  from  ether  in  small  crystals, 
which  on  heating  volatilize  in  vapours,  possessing  an  alkaline  odour. 


CIKNAMYL-COMPOUNDS. 

Cinnamaldehyde  CgH5.C2H2,COH  is  the  chief  constituent  of  oil  of 
cinnamon  (from  Persea  Cviinaviomum)  and  oil  of  cassia  (from  Persea 
Cassia).  It  is  produced  artificially  by  oxidizing  cinnyl  alcohol  with 
platinum-black  in  the  presence  of  air,  and  by  distilling  a  mixture  of 
calcium  cinnamate  and  formate.  It  has  also  been  obtained  by  satu- 
rating a  mixture  of  benzaldehyde  and  acetaldehyde  with  hydrochloric 
acid.  This  reaction  is  quite  analogous  to  the  formation  of  croton- 
aklehyde  from  aeetaldehyde  (page  267)  : — 

CeH,.CHO  +  CHj-COH  =  CeH6.CH=CH— COH  +  H^O 

Pure  cinnamaldehyde  is  obtained  by  agitating  oil  of  cassia  with 
a  concentrated  solution  of  acid  potassium  sulphite;  a  crystalline 
magma  is  formed,  which  is  pressed,  dried,  washed  with  dilute  alcohol, 
and  then  decomposed  with  dilute  siUphuric  acid. 

Cinnamaldehyde  is  a  colourless,  heavy,  oily  liquid,  possessing  a  very 
fragrant  odour.  It  volatilizes  without  decomposition  only  in  vacuo  or 
with  steam.  It  absorbs  readily  oxygen,  and  is  converted  into  cin- 
namic acid ;  dilute  nitric  and  chromic  acids  oxidize  it  to  benzaldehyde 
and  benzoic  acid. 

Cinnamic  Acid,  or  Phenylacrylie  Acid  CeH5.C2Hj.COgH  exists  in 
styrax,  in  balsam  of  Peru  and  Tolu,  and  in  several  kinds  of  gum- 
benzoin.  It  has  been  produced  artificially  by  passing  carbon  dioxide 
into  a  mixture  of  monobromostyrolene  and  sodium,  and  by  heating 
oil  of  bitter  almonds  with  acetyl  chloride : — 

(1)  CeHg.COH  -h  CH3.COCI  =  CeH5.CH=CH.C0Cl  -h  HjO 

(2)  CeH,.CH=CH.COCl  +  H^O  =  CeH5.CH=CH.C0.0H  +  HCl 
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Cinnamic  acid  is  generally  prepared  by  distilling  liquid  styrax  with 
a  solution  of  sodium  carbonate,  and  precipitating  the  filtered  residual 
solution  with  hydrochloric  acid.  The  precipitate  is  purified  by  crys- 
tallization or  sublimation.  It  crystallizes  from  boiling  water  in  fine 
needles,  and  from  alcohol  in  transparent  prisms,  melting  at  133**, 
and  boUihg  at  300°.  Its  salts  resemble  the  benzoates ;  ferric  chloride 
produces  in  a  neutral  solution  of  a  cinnamate  a  yellow  precipitate. 

Oxidizing  agents  convert  it  into  benzaldehyde  and  benzoic  acid, 
and  nascent  hydrogen  combines  with  it,  forming  phenylpropionic  acid 
(page  390). 

When  cinnamic  acid  is  fused  with  caustic  potash,  it  is  resolved  into 
acetic  acid  and  benzoic  or  phenylformic  acid,  and  when  distilled  with 
slaked  lime  it  yields  carbon  dioxide  and  styrolene. 

Uthyl  Cinnamate     ®    *'   |>,  It   f  0  is  prepared  by  dissolving  the 

acid  in  absolute  alcohol,  and  passing  hydrocliloric  gas  into  the  solu- 
tion.    It  is  a  fragrant,  oily  liquid,  boiling  at  267°. 

Benzyl  Cinnamate,  or  Cinnamein    ^p^r^pTr   [  0>  occurs  in  balsam 

6     5*  2  -^ 

of  Peru  and  Tolu,  and  has  been  prepared  by  sodium  cinnamate  with 
benzyl  chloride.  It  crystallizes  from  alcohol  in  small,  brilliant  prisms, 
melting  at  39°,  and  possessing  an  agreeable  odour. 

C  H  C  H  O  1 

Cinnyl  Cinnamate,  or  Styradn     ^«  -&  p  fr   r  0- — Tlie  preparation 

of  this  compound  has  already  been  described  (page  391).  It  crystal- 
lizes in  needles,  melting  at  50°,  and  possessing  a  Vagrant  odour. 

Nitrocinnamic  Acid  ^^JJ^O^G^jd^  exists  in  two  modifications, 
which  are  formed  by  dissolving  cinnamic  acid  in  cold  concentrated 
nitric  acid. 

Paranitrocinnamic  Add  is  but  sparingly  soluble  in  boiling  alcohol, 
and  crystallizes  in  small  needles,  melting  at  265°.  Chromic  acid  con- 
verts it  into  paranitrobenzoic  acid. 

Metanitrocinnamic  Acid  is  more  freely  soluble  in  alcohol,  and 
melts  at  232° ;  on  oxidation  it  yields  metanitrobenzoic  acid. 

Phenyldibromoprapionic  Acid  CgH3.C2H2Brj.CO2H  is  readily  formed 
by  combining  cinnamic  acid  with  bromine.  It  crystallizes  from 
alcohol  in  small  rhombic  plates,  and  yields,  when  heated  with  alco- 
holic potash,  two  isomeric  monobromocinnamic  acids. 

Phenylpropiolic  Acid  CgH^-Cj-COgH  stands  in  the  same  relation  to 
cinnamic  acid  as  stearolic  to  oleic  acid,  and  is  obtained  by  boiling 
a  monobromocinnamic  acid  with  alcoholic  potash,  or  by  suspending 
sodium-ethenyl-benzene  in  ether,  and  passing  carbon  dioxide  into 
it;— 

CeH5.C=CNa  +  CO2  =  CeH5.C^C.C02Na 

It  crystallizes  in  white,  silky  needles,  melting  at  136°.  It  combines 
with  two  molecules  of  bromine  or  hydrogen,  and  is  resolved  by  heat- 
ing it  with  baryta  into  carbon  dioxide  and  ethinyl- benzene. 
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PHENYL-LACTIC  ACIDS. 

PhenylcUorolactic  Acid  C^^,Cfij:i\{OB.)GO^  is  formed  by 
passing  chlorine  into  a  solution  of  sodium  carbonate  and  cin- 
namate : — 

rci 

CeH5.CjH2.CO,H  +  ClOH  =  CeH^.C^H^^  OH 

(CO,H 

It  crystallizes  from  water  in  small  hexagonal  plates,  containing  one 
molecule  of  water. 

Phenylhromolactic  Add  CgH5.C2H2Br(OH)C02H  is  a  veiy  similar 
compound,  which  is  obtained,  together  with  hydrobromic  acid  and 
some  bromostyrolene  and  carbon  dioxide,  when  phenyldibromopro- 
pionic  acid  is  boiled  with  water : — 

CeH6.C2H8Brjj.CO2H  +  HjO  =  CeH5.C2H,Br(OH)CO,H  +  HBr 

Phenyl'lactic  Acid  CgH5,C.H3(OH)C02H.— When  either  of  the  pre- 
ceding compounds  is  treated  with  water  and  sodium-amalgam  until 
hydrogen  is  briskly  evolving,  they  are  converted  into  phenyl-lactic 
acid,  which  is  isolated  by  neutralising  the  solution  with  hydrochloric 
acid,  and  evaporating  it  on  a  water-bath.  The  residue  is  acidulated 
with  hydrochloric  acid  and  shaken  with  ether.  On  evaporation  the 
etherial  solution,  impure  phenyl-lactic  acid,  is  left  behind,  which  is 
crystallized  from  hot  water.  It  forms  flat,  pointed  needles,  melting  at 
94**,  and  is  resolved  at  180°  into  water  and  cinnamic  acid.  By  heating 
it  with  hydrobromic  or  hydrochloric  acid,  the  hydroxyl  is  again 
replaced  by  bromine  or  chlorine. 

(  CH  OH 
Phenylparalactic  Acid,   or   Tropic  Acid  CgHg.CH-J  pr)*fy    ,  has 

been  obtained  by  heating  atropine  (see  Alkaloids)  gently  with  baryta- 
water,  or  by  leaving  it  in  contact  with  fuming  hydrochloric  acid. 
From  a  hot  aqueous  solution  it  separates  in  slender  prisms,  meltincr 
atll8^  1-         >  o 

Atropic  Acid  CgHg.CjHj-COgH  is  formed  when  tropic  acid  is  heated 
with  concentrated  baryta-water  to  136**.  It  crystallizes  from  water  in 
needles,  and  from  alcohol  in  plates,  melting  at  106**-5,  and  possessing 
an  aromatic,  pungent  smell,  like  benzoic  acid.  Chromic  acid  oxidizes 
it  to  benzoic  acid ;  and,  by  fusing  it  with  potash,  it  is  resolved  into 
formic  acid  and  phenylacetic  acid  (while  the  isomeric  cinnamic  acid 
yields  acetic  acid  and  phenyl-formic  acid)  : — 

CH2 

II 
CeH,.C      +  2K0H  =  C^H,.CH2— CO^K  +  CHKO,  +  H, 

CO2H 
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It  combines  with  one  molecule  of  bromiDC,  and   with  nascent 

hydrogen,  forming  oily  hydratopic  acid  CgHg.CH  \  nc)^Tx 

Isatropic  Acid  is  isomeric,  or  probably  polymeric,  with  atropic  acid, 
and  formed  together  with  the  latter,  when  tropic  acid  is  heated  with 
hydrochloric  acid  to  140*".  It  is  sparingly  soluble  in  boiling  water, 
and  less  freely  in  alcohol  than  atropic  acid,  and  forms  microscopic, 
monoclinic  crystals,  melting  only  at  about  200°,  It  does  not  combine 
with  nascent  hydrogen. 


OXYPHENYL-PaOPIONIC  ACIDS. 

(  OH 
Phloretic  Acid  C^H^  1  p  h  CO  H  ^  ^  product  of  decomposition  of 

phloretin  (see  Glucosides),  and  crystallizes  from  boiling  water  in 

brittle,  prismatic  crystals,  melting  at  130**.   When  heated  with  baryta, 

it  splits  up  into  carbon  dioxide  and  phlorol  (page  382).     On  fusing  it 

with  potash,  it  yields  para-oxybenzoic  acid. 

(  OH 
Hydraparacumaric  Acid  C^H^  i  p  tt  CO  H  ^^  been  obtained  by 

reducing  paranitrophenylpropionio  acid  with  tin  and  hydrochloric 
acid,  and  converting  the  amido-acid  into  a  diazo-compound,  which, 
when  boiled  with  water,  yields  oxyphenylpropionic  acid.  It  crys- 
tallizes from  water  in  small,  monoclinic  prisms,  melting  at  125"*,  and 
yields  by  oxidation  para-oxybenzoic  acid. 

As  both  phloretic  and  hydroparacumaric  acid  are  so  easily  con- 
verted into  para-oxybenzoic  acid,  they  contain  the  two  side-chains  in 
the  position  1*4,  and  their  isomerism  must  be  caused  by  the  group 
CgH^.OH  replacing  different  hydrogen  atoms  in  propionic  acid,  thus : 


C^,.OH  CeH,.OH 

H^C— CH-CO,H  H,C— CHg-CO^H 

(  OH 
Tyrosine,  or  Oxyphcnylamidoprtfpionic  Acid  C^H^  ^  p  h  ^NTT  "SCO  H 

is  either  a  derivative  of  phloretic  acid  or  of  parahydrocumaric  acid. 
It  has  not  been  obtained  by  synthesis,  but  is  a  product  of  decomposi- 
tion of  animal  substances,  such  as  proteids,  hair,  feathers,  horn,  &c., 
and  exists  in  old  cheese  {Tvpo^,  cheese).  It  is  generally  prepared  by 
boiling  hom-tumings  with  dilute  sulphuric  acid  for  several  hours,  and 
saturating  with  milk  of  lime.  By  adding  hydrochloric  acid  to  the 
concentrated  solution,  tyrosine  is  precipitated,  while  leucine  (page  234) 
remains  in  solution. 

Tyrosine  is  sparingly  soluble  in  cold  water  and  alcohol,  and  crys- 
tallizes from  hot  water  in  slender  needles.  Tyrosine  is  a  phenol,  and 
at  the  same  time  possesses,  like  other  amido-acids,  the  properties  of  a 


3»6  THE  CHEMISTRY  OF 

base  and  an  acid.  By  dry  distillation,  it  yields  phenol  and  other 
products ;  but,  when  heated  very  carefully,  it  is  resolved  into  carbon 
dioxide  and  oxyphenyl-ethylamine  CgH^(0H)C2H^.NHj,  a  white,  crys- 
talline sublimate,  having  an  alkaline  reaction,  and  forming  crystal- 
lizable  salts.  When  tyrosine  is  fused  with  potash,  it  yields  ammonia, 
acetic  acid,  and  paraoxybenzoic  acid  ;  and  when  heated  with  hydriodic 
acid,  it  is  resolved  into  ethyl-phenol  (or  an  isomeride),  carbon  dioxide, 
and  ammonia : — 

^c^J  C  H  /  NH,    -h  2HI  -  CeH,{  ^^  -h  CO,  -h  NH3  +  I, 
I  ^2^8 1  cOjH  ^    2    * 

Tyrosine  dissolves  in  hot  sulphuric  acid,  yielding  sulpho-acids, 
which  are  coloured  violet  by  ferric  chloride.  On  heating  an  aqueous 
solution  of  tyrosine  with  mercurious  nitrate,  it  assumes  a  red  colour, 
and  then  a  reddish-brown  precipitate  is  formed. 

Melilotic  Acid,  or  Hydrocumaric  Add  CgH^-J  p  tt  r%r\  tt,  occurs 

in  the  yellow  melilot  (Melilotus  officinalis),  and  in  the  fragrant  Faham- 
leaves.  It  crystallizes  from  water  in  large,  pointed  prisms,  melting  at 
82**.     By  distillation  it  is  resolved  into  water  and  melilotic  anhydride 

CgH^  I  p  pr  >  CO,  a  crystalline  solid,  melting  at  25°,  and  boiling  at 

272**.  On  fusing  melilotic  acid  with  potash,  it  yields  acetic  acid  and 
salicylic  acid. 


a 

o 


OXYPUENYL-ACRYLIC  ACIDS. 

(  OH 
Para^imaric  Acid  C^H^  1  c  H  CO  H  ^^  prep^^d  by  exhaustin 

aloes  with  dilute  sulphuric  acid,  and  treating  the  residue  with  ether. 

It  crystallizes  from  boiling  water  in  brittle  needles,  melting  at  180*. 

Nascent  hydrogen  converts  it  into  hydroparacumaric  acid. 

(  OH 
Cnmaric  Add  C^H^-J  C  H  CO  H   ^^^^^^  together  with  melilotic 

acid,  and  crystallizes  from  water  m  long  needles,  melting  at  195° ;  by 
treating  it  with  water  and  sodium-amalgam,  it  is  converted  into  meli- 
lotic acid. 

Cv/nuurin,  or  Cumaric  Anhydride  C^H^  ]  n  H  ^^^'  ^^  found,  com- 
bined with  cumaric  acid  or  melilotic  acid,  in  the  melilot  and  the 
Faham-leaves,  and  exists  in  the  free  state  in  the  Tonka-bean  {Dip^ 
terix  odorata),  in  the  sweet  woodruff  (Asperula  odorata),  and  in  the 
sweet-scented  vernal  grass  {Anthoxanthum  odoratum).  It  is  readily 
obtained  by  exhausting  tonka-beans  with  alcohol ;  and  has  been  pro- 
duced artificially  by  heating  sodium-salieylaldehyde  with  acetic  anhy- 
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dride,  sodium  acetate  being  formed,  and  acetyl  is  set  free,  which 
combines  with  the  aldehyde-residue  with  the  elimination  of  water: — 

(0  CO  CO CO 

CeH,^  +1        =C,H,|  I      +H,0 

( CHO      CH3  ( CH=CH 

Cumarin  is  sparingly  soluble  in  cold  water,  more  freely  in  alcohol 
and  boiling  water,  and  crystallizes  in  large  transparent  prisms,  pos- 
sessing a  very  fragrant  odour.  It  melts  at  67°,  and  boils  at  291°.  By 
heating  it  with  potash  and  a  little  water,  it  is  converted  into  potas- 
sium cumarate,  and  sodium-amalgam  and  water  transform  it  into 
melilotic  acid. 

By  acting  on  sodium-salicylaldehyde  with  butjrric  or  valerianic 
anhydride,  homologues  of  cuma-rin  are  formed,  which  also  possess  a 
fragrant  smell. 

Caffeic  Acid  C^Hj-J  X  h  CO  H  ^^^^^^  ^^  glucoside,  called  cafiTee- 

tannic  acid,  in  coffee,  and  is  conveniently  prepared  by  boiling  coflTee- 
extract  with  caustic  potash.  It  is  sparingly  soluble  in  cold  water, 
and  crystallizes  from  boiling  water  in  small,  glistening  plates.  On 
heating,  it  yields  pyrocatechin ;  and  by  fusing  it  with  potash,  it  is 
resolved  into  acetic  acid  and  protocatecliuic  acid  : — 

CeH»  {  S§ib0,H  +  2K0H  =  CeH,  {  g«)^  +  C^KO,  +  H, 

Hydrocaffeic  Acid  C^Hg  \  x,  xj  /^q  tt  is  formed  by  adding  sodium- 
amalgam  to  a  hot  solution  of  caffeic  acid ;  it  crystallizes  from  water 
in  rhombic  prisms.  Its  aqueous  solutipn  gives,  with  feme  chloride, 
an  intensely  green  colour,  which  changes  into  cherry-red  by  adding 
sodium  carbonate.     Caffeic  acid  gives  a  similar  reaction. 

Umbelliferon  C^Ufi^  exists  in  the  bark  of  the  mezereon,  and  is  also 
produced  by  the  dry  distillation  of  galbanum,  and  similar  gum- 
resins.  From  boiling  water  it  crystallizes  in  rhombic  prisms,  melting 
at  240°.  It  contains  one  hydrokyl,  the  hydrogen  of  which  is  easily 
replaced  by  acid  radicals.  Concentrated  boiling  potash  resolves  it  into 
formic  acid,  acetic  acid,  and  resorcin.  It  appears,  therefore,  to  be  a 
oxycumarin : — 

CeH3^  ^        ^^  +  4K0H  =  C,H,  {  g^  +  CHKO,  -h  |     '      +  H,0 
( CH=CH  ^^3 

Umbellic  Acid  CgH3(OH«)C2H..C02H  is  produced  by  adding  sodium- 
amalgam  to  a  hot  solution  of  umbelliferon.  It  forms  granular  crystals, 
melting  at  125°.  Its  aqueous  solution  is  coloured  green  by  ferrio 
chloride. 
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Veratric  Acid  C8H7(OH2)COgH.— This  isomeride  of  hydpocaffdc 
and  umbellic  acids  exists  in  sabadilla-seed  (Veratrum  Sabadilla),  and 
crystallizes  from  boiling  water  in  prisms.  When  heated  with  caustic 
baryta,  it  is  resolved  into  carbon  dioxide  and  veratrol  CgHg(OH)y 
a  colourless  oil,  possessing  an  aromatic  odour,  boiling  at  205*,  and 
solidifying  at  15°  to  a  crystalline  mass. 
Veratrol  is  either  a  dimethyl-dioxybenzene  or  an  ethyl-dioxybenzene. 


COMPOUNDS   WITH   TEN   ATOMS   OP   CARBON. 

We  know  the  following  hydrocarbons  belonging  to  this  group : — 

CH3 

CH 

Tetramethyl-benzene  ....  CgHj^Qo^* 

chJ 

fCH, 

Dimethyl-ethyl-benzene  .    .    .  C^jK  CJij 


lo§ 


(  CH 

Methyl-propyl-benzene    .     .     .  C^H^  i  C  "rf 

f  CH 

Methyl-isopropyl-benzene    .     .  C^H^  \  ppr?rH  '^ 

Diethyl-benzene CeH^jp^H^^ 

Isobutyl-benzene CgH^.C^HgCCHj), 

Butenyl-benzene CgH^.C^H^ 

Tetraimthyl'henzene,  or  Durent  CgH/CHj)^. — ^This  hydrocarbon  does 
not  exist  in  coal-tar,  but  has  been  obtained  artificially  by  the  action 
of  sodium  on  a  solution  of  methyl  iodide  and  monobromopseudo- 
cumene  in  pure  ether.  Durene  is  the  only  homologue  of  benzene 
which  is  solid  at  the  ordinary  temperature  (dti/niSy  hai3),  and  crystal- 
lizes from  alcohol  in  compact,  oblique  prisms,  melting  at  80°,  and 
boiling  at  190°.  It  is  lighter  than  water,  and  possesses  a  faint  odour 
resembling  that  of  benzene. 

Dinitrodurene  G^f^O^^{CJi^^  is  formed  by  dissolving  durene  in 
cold  concentrated  nitric  acid,  and  crystallizes  from  alcohol  in  colour- 
less, rhombic  prisms,  melting  at  205°,  and  subliming  in  brilliant 
needles. 

IHbroTiiodurene  CgBr2(CH3)^  is  obtained  by  the  action  of  cold 
bromine  oq  durene,  and  is  but  sparingly  soluble  in  boiling  alcohol 
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It  forms  long,  slender,  silky  needles,  mplting  at  ly9^  and  subliming 
without  decomposition. 

Cumylic  Acid  CgHg-]  Kq  ^, — This  monobasic  acid  has  been  pre- 
pared by  boiling  durene  with  dilute  nitric  acid.  It  is  very  sparingly 
soluble  in  water,  and  crystallizes  from  an  alcoholic  solution  in  hard, 
glistening  needles  or  brilliant  prisms,  melting  at  150°.  It  easily  vola- 
tilizes, and  sublimes  in  slender  needles. 

Cumidic  Acid  C^Hg  |  /^q  xf  \     is  formed,  together  with   cumylic 

acid.  It  is  but  sparingly  soluble  in  water,  and  scarcely  in  benzene  ; 
and  is  obtained  in  long,  transparent  prisms  by  adding  benzene  to  its 
alcoholic  solution.  It  sublimes  at  a  high  temperature  without  pre- 
viously melting. 

DIMETHYL-ETHYL-BENZENE,   OR  ETHYL-ISOXYLENE   CgHj -|  q  tt^^^ 


'2"6 


Has  been  obtained  by  acting  with  sodium  on  a  mixture  of  ethyl 
bromide  and  monobromo-isoxylene.  It  is  a  colourless  liquid,  boiling 
at  184°. 


DIETHYL-BENZENE  C^JS^fi^^ 

Is  formed  by  acting  with  sodium  on  ethyl  bromide  and  ethyl-mono- 
bromobenzene.  It  boils  at  179°,  and  yields,  on  oxidation,  ethylbenzoic 
acid  and  terephthalic  acid. 


METHYL-PROPYL-BENZENE  C«H^  4  CH  ^' 


'& 


This  compound  is  formed  by  the  action  of  sodium  on  a  mixture  of 
1*4  bromotoluene  and  propyl  bromide.  It  boils  at  179°,  and  yields 
thick,  oily  nitro-compounds.  Dilute  nitric  and  chromic  acid  oxidize 
it  to  paratoluic  acid  and  terephthalic  acid. 


CYMENE,  OR  METHYL-ISOPROPYL-BENZENE  CgH^  |  p5/Qg;  \  • 

Cymene  has  not  been  produced  by  synthesis,  but  occurs,  together 
with  cumic  aldehyde,  in  Roman  cumin-oil  {Cuminum  Cyminum),  and 
in  the  oil  of  the  water-hemlock  (CictUa  virosa),  and  mixed  with 
thymol  and  a  terpene  in  oil  of  thyme  {Thymiis  vtUgaris),  and  the  oils 
of  Ptychotis  Ajovmn,  and  Moruirda  'punctata,  and  other  volatile  oils. 

Cymene  has  been  obtained  by  abstracting  two  atoms  of  hydrogen 
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from  oil  of  turpentine  (page  301),  and  is  most  conveniently  prepared 
by  distilling  camphor  with  phosphonis  pentasulphide : — 

5C,oH,,0  +  P^,  =  5C,oH,,  +  5SH,  +  P.O, 

The  product  is  washed  with  soda-solution,  and  distilled  over 
sodium. 

Cymene  is  a  colourless,  refractive  liquid,  possessing  an  aromatic 
smell,  and  boiling  at  ITS*'.  It  yields  the  same  oxidation-products  as 
methyl-propyl-benzene,  but  differs  from  it,  not  only  by  its  lower 
boiling-point,  but  also  by  yielding  crystalline  nitro-products. 

Thymol   C^Hg(OH)  \  nxr/riTT  \     occurs   in    the    above-mentioned 

volatile  oils,  and  is  prepared  by  shaking  oil  of  thyme  with  soda-solu- 
tion, and  decomposing  the  liquid,  after  the  hydrocarbons  have  been 
removed,  by  hydrochloric  acid. 

Thymol  crystallizes  in  rhombic  plates,  melting  at  44°,  and  boil- 
ing at  230°.  It  possesses  a  peppery  taste  and  the  odour  of 
thyme.  Phosphorus  pentoxide  resolves  it  into  13  cresol  and  propene, 
and  phosphorus  pentachloride  converts  it  into  mcmochlorocymene 
CgH«Cl(CIl3)CH(CH-)2,  which,  by  acting  with  sodium-amalgam  on 
its  slightly  acid,  alcoholic  solution,  is  transformed  into  cymene. 

Thymoquinone  CgHgOj"-!  pjj/nTT  ")  is  pr^^^ced  by  oxidizing  thymol 

with  manganese  dioxide  and  sulphuric  acid ;  it  forms  yellow  pris- 
matic plates,  possessing  a  strong  aromatic  odour. 

Thymohydroquinone  C^^^^W)^  \  pxifcH  ")  ^'^^'^^  colourless,  trans- 
parent needles,  and  is  obtained  by  treating%he  quinone  with  sul- 
phurous acid. 

Both  compounds  readily  combine,  and  form  thymoquinhydrone, 
which  crystallizes  in  black,  shining  needles,  and  has  a  constitution 
analogous  to  that  of  quinhydrone  (page  340). 

Oxycyme7ie,  or  Cymophenol  Gq^^{013.)  i  nTj^njr  \  • — This  isomeride 

of  thymol  has  been  obtained  by  dissolving  cymene  in  sulphuric  acid, 

and  fusing  the  product  with  potash.     It  is  also  produced  by  the 

action  of  iodine  on  camphor.     Oymophenol  is  a  thick,  colourless  oil, 

which  does  not  solidify  at  a  low  temperature,  and  smells  like  Russian 

leatlier. 

(  CH 
Thiocymene  CgH3(SH)  <  nx-ynrr  \    is  formed  as  a  by-product   in 

the  preparation  of  cymene  from  camphor,  and  has  been  also  obtained 
by  distilling  oxycymene  with  phosphorus  pentasulphide,  and  by  con- 
verting potassium  cymenesulphonate  by  means  of  phosphorus  penta- 
chloride into  cymenestUphonic  chloride  CgH3(S02Cl)(CH3)CH(CH3)j, 
and  reducing  the  latter  with  nascent  hydrogen. 

Thiocjrmene  is  a  colourless  liquid,  boiling  at  235°,  and  possessing 
an  aromatic  smell.     Oxidizing  agents  convert  it  first  into  the  disul- 
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phide  (01^11^3)282,  a  heavy,  yellow  oil,  which  by  further  oxidation 

fCH, 
yields  a  sulphotoluic  acid  C-HgK  COjH. 

(SO3H 


CYMYL-  AND  CUMIN YL-COMPOUNDS. 

By  treating  boiling  cymene  with  chlorine,  substitution  takes  place 
in  one  of  the  alcohol-radicals,  and  ci/myl  chloride  is  formed,  which,  by 
heating  with  an  alcoholic  solution  of  potassium  acetate,  is  converted 
into  cymyl  acetate,  an  oily  liquid,  boiling  at  230°,  and  smelling  like 

rose-wood. 

r  CH  OH 

Cymyl  Alcohol  CgH^  1  n  ll        ^  produced,  together  with  cumic 

Vw       8      T 

acid,  by  the  action  of  alcoholic  potash  on  cuminaldehyde.  It  is  an 
aromatic  liquid,  boiling  at  243^ 

{COH 
(-1  TT  ,  occurs,  together  with 

cymene,  in  Eoman  cumin-oil  and  the  oil  of  tne  water-hemlock,  and  is 
obtained  pure  by  shaking  the  oil  with  a  concentrated  solution  of  acid 
potassium  sulphite,  and  distilling  the  crystalline  compound  thus 
formed  with  sodium  carbonate. 

It  is  a  liquid  possessing  a  strong  aromatic  odour,  and  boiling  at 
237°.     By  fusing  it  with  potash,  it  is  converted  into  cumic  acid : — 

^«^^*  {  C3H7  +  ^^^  =  ^«^*  {  C3H7      +  ^« 

Cbromic  acid  oxidizes  it  to  terephthalic  acid. 

(  CO  OH 
Cumic  Acid  C^H^  1  p  H"       ^^  sparingly  soluble  in  water,  and  freely 

in  alcohol,  and  forms  prismatic  plates,  melting  at  11 3^  When 
cymene  is  taken  internally,  it  appears  in  the  urine  as  cumic  acid. 

By  distillation  with  quicklime,  it  is  resolved  into  carbon  dioxide 
and  cumene  (page  390). 

Nitrocumic  Add  CgH3(N02)(C3H7)CO«H  forms  yellow  scales,  and 
yields  by  reduction  amidocHmic  acid  CgH3(NH2)(C3H^)C02H,  crystal- 
lizing from  hot  water  in  colourless  plates.  By  distillation  with 
baryta,  it  is  resolved  into  carbon  dioxide  and  cumidine,  or  isopropyl- 

amidobenzene  CgH^-lpu*-      By  passing  nitrogen  trioxide  into  an 

aqueous  solution  of  amidocumic  acid,  it  is  converted  into  oxycumic 

(  CO  H 
acid  CqH3(0H)  <  ^  j?    ,  crystallizing  from  hot  water  in  small  prisms. 

.  f  COoH 

Oxy-isopropyl-phenyUformic  Acid  C^H^  -j  q  tjoh*  —  ^i^®*^  cumic 

V      8     o 

acid  is  heated  with  bromine  and  fuming  hydrobromic  acid,  one  atom 
G  i>  i> 
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of  hydrogen  in  the  isopropyl-group  is  replaced  by  bromine,  and  by 
boiling  the  product  with  alcoholic  potash  the  oxy-acid  is  formed, 
which  is  isomeric  with  oxycumic  acid,  the  latter  being  at  the  same 
time  a  phenol,  while  the  former,  ss  alcohol,  is  an  aromatic  glycoUic 
acid. 

rc3H, 

Euffetic  Acid  CM^{OK)<  OCH,  is  produced  by  acting  with  carbon 

dioxide  and  sodium  on  eugenol  (page  390).  It  forms  colourless 
prisms,  melting  at  124^  It  is  only  sparingly  soluble  in  water;  the 
solution  is  coloured  deep-blue  by  ferric  salts.  By  dry  distillation,  it 
is  resolved  into  eugenol*  and  carbon  dioxide. 


ISOBUTYL-BENZENE  CeH5.C2H3(CH3) 


2* 


This  compound  is  a  refractive  liquid,  boiling  at  160"*,  and  possess- 
ing a  fragrant  odour.  It  has  been  obtained  by  the  action  of  sodium, 
on  a  mixture  of  bromobenzene  and  isobutyl  bromide.  With  bromine 
and  nitric  acid,  it  forms  thick,  oily  substitution-products,  which  are 
decomposed  by  heat. 


BUTENITL-BENZENE  CgH^.C^Hy. 

This  hydrocarbon,  which  is  also  called  phenylbuteiie,  is  prepared 
by  adding  sodium  to  a  mixture  of  benzyl  chloride,  allyl  iodide,  and 
ether : — 

CeHvCHgCl  +  C3H5I  -f  Nag  =  CeH5.CH2.C3H5  +  NaCl  +  NaL 

It  is  a  limpid  liquid,  boiling  at  177^  and  possessing  a  strong  aro- 
matic smell.     It  readily  combines  with  one  molecule  of  bromine. 

Phenylethenyl'methyl  Ketone^  or  Acetocinnamone  CgHg-CgHg-CCCHg, 
is  obtained  by  distilling  a  mixture  of  calcium  cinnamate  and  acetate. 
It  is  a  fragrant  liquid,  boiling  at  240^  By  the  action  of  sodium 
amalgam  on  its  alcoholic  solution,  it  is  converted  into  phenylethyl- 

C  H  C  JH  1 

methyl  carhinol    ®    ^'  ^^  >  CH.OH,  a  crystalline  solid,  which  is  iso- 
meric with  the  oxycymenes  and  with  cymyl  alcohol. 


COMPOUNDS  WITH   ELEVEN  ATOMS   OF  CARBON. 

Amyl'benzene  CgHg.CgHj^  is  produced  by  the  action  of  sodium  on  a 
mixture  of  bromobenzene,  amyl  bromide,  and  benzene.  It  is  a 
liquid  boiling  at  193° ;  with  nitric  acid  it  forms  a  yellow,  oily  mono- 
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nitro-compound,  and  chromic  acid  oxidizes  it  to  benzoic  acid  and  iso- 
butyric  acid. 

Diethjl'henzyhne  CgHg.CH (02115)2  has  been  obtained  by  adding  zinc 
ethide  to  a  solution  of  benzylene  chloride  in  benzene.  It  is  a  fragrant 
liquid,  boiling  at  178°. 

Phenyl-aTigclic  Acid  CgH5.C^Hg.C02H. — This  homologue  of  cin- 
namic  acid  has  been  produced  by  heating  benzaldehyde  with  butyryl 
chloride  to  130°.  It  crystallizes  from  liot  water  in  long  needles, 
melting  at  81°. 

Jfomocumic,  or  Cpnic  Acid  CgH^  1  p  t|       ^    • — ^^®  nitrile  of  this 

acid  is  formed  by  converting  cyrayl  alcohol  into  the  chloride,  and 
heating  it  with  potassium  cyanide.  By  boiling  the  nitrile  with 
alcoholic  potash,  the  acid  is  obtained  ;  it  forms  small  needles,  melting 
at  52°. 

fC02H 
Thymotic  Acid  CgHgCOH)  <  CH3  is  produced  by  acting  with  sodium 

and  carbon  dioxide  on  thymol.  It  forms  slender  needles,  melting  at 
120°,  and  subliming  with  decomposition.  Its  aqueous  solution  is 
coloured  deep-blue  by  ferric  chloride.  By  distillation  with  baryta,  it 
is  resolved  into  thymol  and  carbon  dioxide. 


COMPOUNDS   WITH   TWELVE  ATOMS   OF   CARBON. 

Amyl'tobiene  CgH^^  p  t?     is  a  liquid  boiling  at  213°,  which  is 

formed  by  adding  sodium  to  a  mixture  of  amyl  bromide  and  bromo- 
toluene^ 


MELLITIC  ACID   C,«H-0 


12"6^12* 


Tlie  mineral  Mellite,  or  Honey-stone,  which  is  found  in  deposits  of 
lignite,  is  the  aluminium  salt  of  this  acid.  Tlie  free  acid  is  obtained 
by  boiling  the  finely-powdered  mineral  with  water  and  ammonium 
carbonate,  and  concentrating  the  solution.  Ammonium  mellitate 
crystallizes  out,  which  is  boiled  with  baryta-water  until  all  ammonia 
is  expelled,  and  the  pure  barium  salt  is  decomposed  with  sulphuric 
acid.  The  ammonium  salt  may  also  be  precipitated  with  silver- 
nitrate,  and  the  precipitate  decomposed  by  hydrochloric  acid. 

Mellitic  acid  has  also  been  produced,  together  with  oxalic  acid  and 

other  bodies,  by  oxidizing  pure  charcoal  with  an  alkaline  solution  of 

potassium  permanganate. 

D  D  2 
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Mellitic  acid  is  readily  soluble  in  water  and  alcohol,  and  crystal- 
lizes in  colourless  needles,  possessing  a  strong  sour  taste.  It  is  a 
very  stable  body,  which  is  not  acted  upon  by  hot  concentrated  sul- 
phuric acid  or  nitric  acid,  nor  by  bromine  or  hydriodic  acid.  By  dis- 
tilling it  with  quicklime,  it  is  resolved  into  benzene  and  carbon 
dioxide : — 

CiaHgO^j  =  CgH^j  4-  GCOj 

It  is  consequently  hexacarboxybenzeiie  0^(00211)^,  or  the  last  term  of 
a  series  of  acids,  which  are  derived  from  benzene  by  replacing  one 
atom  of  hydrogen  after  the  other  by  carboxyl,  and  all  of  which  ai-e 
resolved  by  heating  them  with  lime  into  carbon  dioxide  and  benzene. 

Amriwiiium  Mellitate  C^iC0^13.^Q  4-  9H2O  forms  large  rhombic 
prisms. 

Barium  Mellitate  Cg(CO2)0Ba3  +  SH^O  is  obtained  by  adding  barium 
chloride  to  a  solution  of  the  barium  salt  as  a.  white  precipitate,  which 
soon  changes  into  small  plates. 

Aluminium  Mellitate  Cq{C0^qA1^  4-  ISHgO  exists  as  honey-stone  in 
large,  yellow,  square  octahedrons. 

Silver  Mellitate  ^^{GO^q)^  is  a  white  crystalline  precipitate,  which 
by  heat  is  resolved  into  metallic  silver  and  carbon  monoxide. 

Besides  these  normal  salts,  there  exist  also  salts,  containing  two 
metals  and  acid  salts :— 

..   f  (CO,H)  ^  f  (CO,H),     Q  J  (CO,H),       „  ( (CO,NH,), 

Ethyl  Mellitate  G^{0O^Cfi^Q  is  obtained  by  the  action  of  ethyl 
iodide  on  the  silver  salt,  and  forms  large  colourless  crystals,  meltimj 
at  69°.  ^  ^ 

Mellitic  Chloride  Cg(COCl)g  is  formed  by  heating  the  acid  with 
phosphorus  pentachloride.  It  is  a  crystalline  mass,  which  is  slowly 
dissolved  by  boiling  water,  with  the  formation  of  hydrochloric  acid 
and  mellitic  acid. 

Mellimide,  or  Paramide  CigHgNjO^  is  produced,  together  with  am- 
monia and  the  ammonium  salt  of  euchroic  acid,  by  heating  ammo- 
nium mellitate.  It  is  a  white,  amorphous  powder,  which  is  insoluble 
in  water  and  alcohol,  and  is  converted  into  acid  ammonium  mellitate 
Ce(C02H)3(C02NH^)3  by  heating  it  with  water  to  200°. 

Euchroic  Acid  Cj^H^N^Og  forms  colourless  prisms,  which  are  spar- 
ingly soluble  in  water.  By  the  action  of  zinc  or  other  reducin'^ 
agents,  it  is  converted  into  a  deep- blue,  insoluble  substance,  called 
euch7*one,  which  dissolves  in  alkalis  with  a  deep-purple  colour,  and  in 
contact  with  air  is  oxidized  again  to  euchroic  acid.  When  euchroic 
acid  is  heated  with  water  to  200°,  it  yields  the  acid  salt  C-(CO  K) 
(CO,NH,),.  *    ^' 

The  constitution  of  these  bodies  is  explained  by  the  following 
formulae :—  ° 
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Paramiile.  Euchroic  Arid. 

co\..rT  rco.oii 


\  co\ 


(CO/"^^  (CO.OH 

Hydromellitic  Acid  C^q{CO^)^ — Tliis  additive  compound  is  readily 
formed  by  the  action  of  sodium-amalgam  on  an  ammoniacal  solution 
of  mellitic  acid.  To  isolate  the  acid,  the  solution  is  neutralized  with 
acetic  acid,  and  precipitated  with  lead  acetate,  the  precipitate  washed 
and  decomposed  with  hydrogen  sulphide.  On  evaporating  the  filtrate, 
the  acid  is  obtained  as  a  syrupy  liquid,  which  gradually  becomes 
crystalline. 

Isohydromdlitic  Add  CQHg(C02H)g  is  obtained  by  heating  hydro- 
mellitic acid  with  concentrated  hydrochloric  acid  to  180°.  It  crys- 
tallizes in  thick,  large,  four-sided  prisms,  possessing  a  slightly  acid 
taste. 

Isohydromellitic  acid  is  a  very  stable  body,  which  is  not  changed 
by  treating  it  with  a  mixture  of  strong  sulphuric  and  nitric  acids. 
The  cause  of  the  isomerism  of  hydromellitic  acid  and  isohjdromellitic 
acid  is  not  known. 

Pyromellitic  Acid  CgH2(C02H)^. — When  mellitic  acid  is  heated  it 
first  melts,  and  then  is  resolved  into  water,  carbon  dioxide,  and  pyro- 
mellitic  anhydride : — 


CO.OH 
CO.OH 


p    ,  CO.OH     _       p  ; 
^«    CO.OH     "      ^«< 


CO\o 

^^^     +  2C0,  +  2HoO 


CO.OH 
CO.OH 


C0\ 
CO/ 


0 


2 


The  anhydride  sublimes  in  long  needles,  and  readily  dissolves  in 
M'arm  water,  forming  pyromellitic  acid,  which  crystallizes  in  prisms, 
and  has  great  resemblance  to  phthalic  acid.  By  the  action  of 
sodium-amalgam  and  water,  it  is  slowly  converted  into  two  isomeric 
acids  CgHg(C02H)4.  One  of  them,  called  hydropyromeUitic  acid,  is  a 
gummy  mass ;  whue  isohydropyromdlitic  acid  crystallizes  from  water 
in  needles.  On  heating  either  of  these  acids  above  200"*,  it  is  resolved 
into  water,  carbon  dioxide,  and  tetrahydrophthalic  anhydride,  which 
readily  combines  with  water,  tetrahydrophthalic  acid  CgH8(C02H)2 
being  formed,  crystallizing  from  water  in  large  plates,  melting  at  100". 

When  this  compound  is  heated  with  concentrated  hydriodic  acid  to 
230**,  it  is  converted  into  hexahydrophthalic  acid  C^yfCiO^)^  which 
lias  also  been  obtained  from  phthalic  acid.  By  adding  bromine  to  an 
aqueous  solution  of  tetrahydrophthalic  acid,  it  yields  bramomalo- 
phthalic  acid  Cfifir{(m){pO^)^  which  by  the  action  of  baryta- 
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water  is  converted  into  tartrophthnlic  acid  CQllQ(0}i\{CO^Tl)^,  CTystal- 
lizing  from  water  in  large  prisms.  By  heating  it  with  hydriodic  acid, 
it  yields  hexahydrophthalic  acid. 

These  acids  show  in  theii*  reactions,  as  well  as  in  their  constitution, 
great  resemblance  to  succinic  acid  and  its  oxy-acids : — 


Hexahydrophthalic  Acid. 


H,C 


I  I 


CH.COjH 


Succinic  Acid. 


CH2.CO2H. 


HjC        CH.CO,H 


CH 


2 


Tartrophthalic  Acid. 

2 


opnu 

CH, 

/\ 
HjC        C(OH)COjH 

H,C        C(0H)C02H 
\!H, 

Tetrahydrophthalic  Acid. 


HjC 
H.C 


CH 


2 


C.COjH 


CHi,COjH 


Tartaric  Acid. 

CH(0H)C04H 
CH(OH)CO,H 


Maleic  Acid. 


CH.COjjH 


C.CO2H 


CH.CO2H 


On  heating  hydromellitic  acid  or  isohydromellitic  acid  with  concen- 
trated sulphuric  acid,  two  isomerides  of  pyromellitic  acid  are  formed 
together  with  trimesitic  acid  (page  389) : — 

(1)  CeHeCCO^H),  +  3SO,H2  =  C^1I^{C0^B.\  +  200^  +  3S0,  +  6H,0 

(2)  CeHeCCOgH),  +  3SO,H2  =  G^R^iCO^B.)^  +  300^  +  380^  +  BH^O 

Prehnitic  Add  CgH^CCOgH)^  +  ^HLO  crystallizes  from  water  in 
large  prisms,  resembling  the  mineral  rrehnite.  On  heating,  it  loses 
water,  and  melts  above  237"*  with  the  formation  of  the  anhydride 

CgH2(C02H)2 -j  QQyO.      Nascent  hydrogen  converts  it  into   hydro- 

prehnitic  acid,  which  yields  isophthedic  acid  by  heating  it  with  sul- 
phuric acid. 

Mellophanic  Acid  CgH2(C02H)^  is  readily  soluble  in  water,  and 
forms  crystalline  crusts.  Its  barium  salt  is  much  more  soluble  than 
that  of  prehnitic  acid. 

Trimellitic  Add  C^H3(C02H)3. — By  heating  the  hydropyiomellitic 
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acids  with  sulphuric  acid,  they  are  decomposed  into  pyromellitic  anhy- 
dride, isophthalic  acid,  and  trimellitic  acid,  crystallizing  from  water  in 
warty  masses,  melting  at  216°.  The  same  acid  has  also  been  obtained, 
together  with  isophthalic  acid,  by  oxidizing  colophony  with  nitric 
acid. 

Hemimellitic  Add  CgH3(C02H)g. — ^This  isomeride  of  trimellitic 
acid  and  trimesitic  acid  is  produced,  together  with  phthalic  acid,  by 
heating  hydromellophanic  acid  with  sulphuric  acid.  It  crystallizes 
in  colourless  needles,  melting  at  185^  and  being  resolved  into  carbon 
dioxide,  water,  phthalic  anhydride,  and  benzoic  acid. 

Mellitic  acid  is,  as  we  have  seen,  benzo-hexacarbonic  acid ;  by 
taking  out  one  molecule  of  carbon  dioxide  after  the  other,  all  other 
benzo-carbonic  acids  have  been  obtained,  with  the  exception  of  the 
pentacarbonic  acid.     These  acids  may  be  arranged  6U3  follows : — 


Mellitic  Acid. 

1.  2.  3.  4.  5.  6. 

Pyromellitic  Acid. 

1.  2.  4.  5. 

Prehnitic  Acid. 

1.  2.  3.  5. 

Mcllophanic  Acid. 

1.  2.  3.  4. 

TriraeUitic  Acid. 

1.  2.  4. 

Trimesitic  Acid. 

1.  3.  5. 

Hemimellitic  Acid. 

1.  2.  3. 

Tercphthalic  Acid. 

1.4. 

Isophthalic  Acid. 

1.3. 

Benzoic  Acid. 
1. 

Phthalic  Acid. 

.     1.2. 

ANILINE-COLOURS. 

Aniline,  toluidine,  and  pseudotoluidine  are  largely  employed  in  the 
manufacture  of  a  series  of  brilliant  colours,  which  are  used  for  dyeing 
wool  and  silk,  and  in  calico-printing. 

Mauveine  Cj^Hj^N^. — Aniline-purple^  or  mauve,  consists  of  the  sul- 
phate of  this  base ;  it  is  obtained  by  mixing  cold  dilute  solutions  of 
potassium  dichromate  and  aniline  sulphate,  and  leaving  the  mixture 
to  stand  for  some  hours.  A  black  precipitate  is  formed,  containing 
only  a  few  per  cent,  of  mauve,  which  is  extracted  by  alcohol  Tlie 
same  black  precipitate  is  produced  by  boiling  aniline  sulphate  with  a 
solution  of  cupric  chloride,  and  keeping  the  solution  neutral  by- 
adding  caustic  soda.  The  reaction  by  which  mauveine  is  formed  is 
not  understood,  as  the  bye-products  have  not  been  analysed. 

The  blue  colour  which  is  produced  by  the  action  of  bleaching- 
powder  on  aniline  has  been  called  Runge's  blue;  it  consists  of  the 
salt  of  a  base  which  is  not  mauveine,  but  is  changed  into  it  by  boiling 
the  solution. 

l*ure  mauveine  is  obtained  by  adding  caustic  potash  to  a  solution 
of  the  sulphate,  the  base  separating  out  as  a  crystalline,  almost  black 
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powder,  which  is  almost  insoluble  in  water,  and  dissolves  in  alcohol 
with  a  bluish-purple  colour.  It  is  a  powerful  base,  decomposin!^ 
ammonium  salts,  and  absorbing  readily  carbon  dioxide ;  its  crystalline 
salts  exhibit  a  golden  metallic  lustre,  and  dissolve  in  water,  and  more 
freely  in  alcohol,  with  a  beautiful  purple  colour. 

Mauveine  Hydrochloride  C27H24N^.C1H  crystallizes  in  small  prisms, 
and  forms  crystalline  double  salts  with  the  chlorides  of  gold  and 
platinum. 

When  mauve  is  heated  wdth  aniline,  ammonia  is  given  oflF,  and  a 
blue  colouring  matter  is  formed,  the  composition  of  which  is  not 
known. 

By  oxidizing  a  hot  solution  of  mauve  with  sulphuric  acid  and  man- 
ganese dioxide,  a  beautiful  red  colouring-matter  is  produced,  which  is 
very  soluble  in  water,  and  forms  small  crystals  having  a  fine  beetle- 
green  lustre.  In  concentrated  sulphuric  acid  it  dissolves  with  a 
dark-green  colour,  w^hich,  on  adding  gradually  water  in  small  quan- 
tities, changes  into  bluish-green,  pure  blue,  violet,  purple,  and  at  last  into 
pure  red.  To  this  beautiful  substance  the  name  "  safranine  "  was 
originally  given,  but  the  colour  occurring  now  in  commerce  under 
that  name  appears  to  be  a  difiTerent  body. 

Safranine  C^}1^^, — This  base  is  a  derivative  of  pseudotoluidine, 
and  obtained  by  treating  high-boiling  commercial  aniline  with 
nitrous  acid  and  oxidizing  agents.  The  free  base  is  readily  soluble  in 
water,  and  forms  reddish-brown  crystals,  which,  when  heated  to  100**, 
assume  a  faint  beetle-green  lustre. 

Safranine  Hydrochloride  CjiHg^N^ClH  occurs  in  the  forms  of  a 
paste  in  commerce,  and  is  largely  used  in  dyeing  silk,  as  a  substitute 
for  safflower.  It  is  very  soluble  in  water,  and  precipitated  from  this 
solution  by  adding  salt ;  it  has  been  obtained  by  evaporation  in  fine 
reddish  crystals.  The  nitrate  is  but  sparingly  soluble,  and  crystallizes 
in  reddish-brown  needles.  The  picrate  is  insoluble  in  water,  and 
forms  brown  needles. 

Safranine  gives  with  sulphuric  acid  and  water  the  same  reactions  as 
mauve-safranine. 

Azodipfienyl'bltie  CigHigNj  is  obtained  by  heating  amido-azobenzene 
with  aniline  hydrochloride  and  alcohol  to  160° : — 

The  free  base  is  a  dark-brown  powder,  which  is  insoluble  in  water. 
The  hydrochloride  is  a  dark-blue,  indistinctly  crystalline  body,  dis- 
solving in  alcohol  with  a  deep  bluish- violet  colour. 


ROSANIUNE  CgjjHigNj. 

The  salts  of  this  base  are  known   by  the  names.  Aniline-red 
Magenta,  or  Ftushsine,  and  manufactured  in  considerable  quantity 
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by  heating  a  mixture  of  aniline,  toluidine,  and  pseudotoluidine  (so- 
called  magenta-aniline)  with  arsenic  acid  or  other  oxidizing  agents : — 

CeH^N  +  2C7H,N  +  30  =  C^'S^^'N^  +  SRfi 

A  hard  mass  is  thus  obtained,  possessing  the  lustre  of  bronze,  and 
containing  arsenite  and  arsenate  of  rosaniline.  It  is  purified  by  ex- 
hausting the  melt  with  boiling  water,  and  precipitating  the  solution 
with  soda ;  the  precipitate  is,  after  washing,  dissolved  in  an  acid,  and 
the  sohition  evaporated  to  crystallization. 

Eosaniline  is  also  obtained  by  heating  magenta-aniline  with  nitro- 
benzene : — 

2C,H,N  +  CeH,.NO,  =  C«,H„N,  +  2H,0 

To  obtain  the  pure  base,  ammonia  is  added  to  a  hot  aqueous  solu- 
tion of  the  acetate ;  the  deep-red  solution  becomes  almost  colourless, 
and  on  cooling  deposits  the  base  in  small  white  plates,  having  the 
composition  CgoH^^NyHgO.  It  is  very  sparingly  soluble  in  water,  and 
assumes  a  reddish  tint  when  exposed  to  the  air.  Eosaniline  neutra- 
lizes acids,  and  forms  a  series  of  beautiful  salts,  exhibiting  a  fine 
beetle-green  lustre,  and  dissolving  in  water,  and  more  freely  in  alcohol, 
with  a  splendid  red  colour. 

Rosaniline  Hydrochloride  C2oHigN3.ClH  crystallizes  from  a  hot  con- 
centrated solution  in  rhombic  prisms.  It  dissolves  in  hot  hydrochloric 
acid  with  a  yellowish-brown  colour;  and  on  cooling  the  acid  salt 
C2^jHigN3(ClH)3  crystallizes  out  in  brown  needles,  which,  by  water,  are 
decomposed  into  hydrochloric  acid  and  the  monohydrochloride. 

Both  compounds  form  crystalline  double  salts  with  platinic 
chloride. 

Rosaniline  Acetate  CgQHjgNg.CgH^Og  is  readily  soluble  in  water,  and 
can  easily  be  obtained  in  large  splencfid  crystals. 

The  constitution  of  rosaniline  is  not  known ;  but  as  it  contains 
three  atoms  of  hydrogen,  which  can  be  replaced  by  alcohol-radicals, 
it  is  probably  constituted  as  follows : — 

HN CeH3.CH3 


CeH^   NH 

HN CeH3.CH3 

It  is  hardly  doubtful  that  at  least  two  rosanilines  exist,  one  being 
derived  from  toluidine,  and  the  other  from  pseudotoluidine. 

MethyUrosanUines. — By  heating  rosaniline  or  its  acetate  with  methyl 
iodide  and  methyl-alcohol,  hydrogen  is  replaced  by  methyl,  and  violet 
colours  are  produced,  the  shade  of  which  is  the  bluer  the  more  methyl 
groups  are  introduced.  Trimethyl-rosaniline  combines  with  methyl 
iodide,  forming  rosanUineMtramethylammonium  iodide  Cg^HigNj 
(0113)41 ;  the  corresponding  hydrochloride  is  obtained  on  the  large 
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scale  by  heating  dimethylaniline  with  potassium  chlorate  and  cupric 
sulphate : — 

SCgHiiN  +  30  =  Cg^H^oNjO  +  2H2O 

The  free  base  is  a  reddish-brown  powder,  dissolving  in  alcohol  with 
a  violet  colour.  Its  salts,  as  well  as  those  of  trimethyl-rosaniline  and 
triethyl-rosaniline,  possess  in  the  dry  state  a  golden-yellow  lustre, 
and  are  found  in  commerce  under  the  name  of  "  Aniline- violets  "  and 
"  Hofmann's  violet" 

In  the  process  of  inanufacturinfj  these  violets,  by  tlie  action  of 
methyl  or  ethyl  iodide  on  rosaniline,  there  is  always  produced  a 
quantity  of  a  dark  resinous  body,  which  is  called  "  Hofmann  gum  * 
This  bye-product  yields  by  dry  distillation  a  large  quantity  of  methyl- 
aniline  or  ethylaniline. 

Aniline-green  is  obtained  by  heating  rosaniline  with  methyl  alcohol 
and  an  excess  of  methyl  iodide.  The  product  is  exhausted  with 
boiling  water,  which  leaves  the  greater  part  of  the  violet  behind.  To 
the  solution  salt  is  added  to  remove  all  the  violet,  and  then  it  is 
neutralized  with  soda,  and  precipitated  by  picric  acid.  The  salts  of 
aniline-green  contain  the  ammonium-base  ^C2oHig(CH3)3N3(CH30)j, 
which  has  not  been  much  examined.  The  commercial  product  is  a  green 
paste,  consisting  of  the  picrate  C2oHig(CH3)8N8(CH5.0C^,Hj(N02)3)2, 
which  in  the  pure  state  forms  yellowish-green  prisms,  showing  a 
copper-red  reflection. 

Plienyl-rosanilines. — ^When  a  rosaniline-salt  is  heated  with  aniline, 
hydrogen  is  replaced  by  phenyl,  and  ammonia  is  given  off. 

The  salts  of  monophenyl-rosaniline  C2oHj8(CgH5)N3  have  a  reddish- 
violet  colour,  and  those  of  diphenyl-rosantline  Cio^ni^s^B)^^  ^^^ 
bluish- violet.  The  salts  of  triphenyl-rosaniline  CooH^(CgH5)^j  have 
a  pure  blue  colour,  and  are  known  by  the  name  ol  "  night-blue. 

The  formation  of  these  blues  takes  place  more  readily  in  presence 
of  acetic,  benzoic,  or  other  organic  acids. 

When  triphenyl-rosaniline  is  submitted  to  dry  distillation,  it  yields 
a  considerable  quantity  of  diphenylamine. 

Triphenyl-rosanilinestUpJionic  Acid  02^11^^(0^115) ^(CgH^.SOjH)!^^  is 
obtained  by  dissolving  triphenyl-rosaniline  in  concentrated  sulphuric 
acid,  and  adding  water  to  the  solution,  as  a  dark-blue  mass,  which 
dries  up  to  grains  having  a  beautiful  metallic  lustre.  Its  sodium  salt 
is  found  in  commerce  under  the  name  of  "Nicholson's  blue,"  or 
"  alkali-blue  ;"  it  is  a  dark-grey,  amorphous  mass,  dissolving  in  water, 
with  a  fine  blue  colour. 

By  the  further  action  of  sulphuric  acid,  other  sulphonic  acids  are 
formed,  which  occur  as  sodium  salts  in  several  "  soluble  aniline 
blues." 

BenzyUrosaniline, — When  a  mixture  of  rosaniline,  benzyl  chloride, 
methyl  iodide,  and  methyl  alcohol  is  heated  in  a  water-bath,  the  com- 
pound 0jQHig(0gH5.CH2)8N8.0H8l  is  formed,  crystallizing  in  beetle- 
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green  needles.  The  salts  of  this^ammonium-beuse  dye  on  silk  a  rich 
reddish-violet  shade. 

Zeucaniline  O^H^lSy — The  salts  of  this  base  are  formed  by  treat- 
ing rosaniline-salts  with  reducing  agents.  They  are  colourless,  and 
readily  oxidized  to  rosaniline-salts. 

Chrysaniline  Cg^HiyNj  is  obtained  as  a  bye-product  in  the  manufac- 
ture of  rosaniline.  It  is  a  yellow  amorphous  powder,  and  forms  two 
series  of  yellow  crystalline  salts,  containing  either  one  or  two  equiva- 
lents of  an  acid. 

Xylidiru-red  CggHggNg.— Neither  xylidine  alone  nor  mixed  with 
toluidine  yields  a  colour,  but  when  a  mixture  of  aniline  and  xylidine 
is  heated  with  arsenic  acid,  a  red  compound  is  produced,  having  the 
greatest  resemblance  to  rosaniline. 


PHENOL-COLOURS. 

When  phenols  are  heated  with  polybasic  organic  acids,  either  alone 
or  in  presence  of  sulphuric  acid  or  glycerin,  water  is  eliminated,  and 
a  series  of  peculiar  compounds  is  formed,  some  being  neutral  bodies, 
whUe  others  dissolve  in  alkalis,  forming  intensely-coloured  solutions, 
which  are  decolourized  by  reducing  agents. 

Some  of  the  coloured  bodies  yield,  when  heated  with  sulphuric 
acid,  new  colours,  which  are  also  readily  reduced  in  an  alkaline  solu- 
tion, but  not  decolourized.  The  number  of  these  compounds  seems 
to  be  unlimited,  but  only  a  few  have  been  more  minutely  studied. 

Aurin  CgoH,  .O3. — This  compound  is  found  in  commerce  under  the 
name  of  "  corallin,"  or  "  rosolic  acid,"  ^  and  is  used  for  dyeing  silk  and 
wool.  It  is  prepared  by  heating  phenol  with  oxalic  acid  and  sul- 
phuric acid.  The  commercial  product  is  a  brittle,  resinous  body, 
having  a  beetle-green  lustre,  and  yielding  a  red  powder.  It  is  a  mix- 
ture of  different  bodies ;  to  obtain  pure  aurin  from  it,  an  alcoholic 
solution  of  ammonia  is  added  to  a  cold  concentrated  alcoholic  solution 
of  the  crude  substance.  A  crystalline  precipitate,  a  compound  of 
aurin  with  ammonia,  separates  out,  whilst  the  other  bodies  remain  in 
solution.  The  ammonia-compound  is  washed  with  cold  alcohol,  and 
boiled  with  dilute  acetic  acid. 

Aurin  is  but  sparingly  soluble  in  water,  and  crystallizes  from 
alcohol  in  dull-red  needles  with  a  green  lustre,  and  from  acetic  acid 
in  rhombic  prisms,  having  either  the  colour  of  chromic  trioxide  and 
a  brilliant  diamond  lustre,  or  of  a  darker  shade,  showing  a  blue  or 
green  reflection.  It  dissolves  readily  in  alkalis,  with  a  magenta-red 
colour,  and  forms  also  with  other  oxides  a  series  of  very  unstable 
salts. 

^  The  name  rosolic  acid  was  first  given  to  a  red  body  existing  in  coal-tar,  and  was 
afterwards  employed  to  designate  all  red  compounds  which  may  be  obtained  fh>m 
phenol  by  different  reactions. 
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Pure  aurin  is  also  readily  obtained  by  heating  j^tre  phenol  with 
oxalic  acid  and  sulphuric  acid  for  several  days  to  100° — 110**.  The 
product  is  boiled  with  water,  dissolved  in  caustic  soda,  and  precipi- 
tated with  an  acid.  The  crystalline  precipitate  is  then  crystallized 
from  alcohol. 

Aurin  is  also  obtained  by  using  formic  acid  in  the  place  of  oxalic 
acid,  and  its  formation  may  therefore  be  expressed  by  the  equation :— 

SCeH,0  +  200  =  Oj,H„0,  +  2H,0 

When  sulphur  dioxide  is  passed  into  a  hot  concentrated  alcoholic 
solution  of  aurin,  the  compound  (C2oHi^03)2S02  4-  SHgO  is  formed, 
separating  on  cooling  in  brick-red  crusts,  or  garnet-red  granular 
crystals. 

Aurin-potassium  Sulphite  CgoHj^Og  -f-  KHSOg  is  obtained  by  adding 
a  solution  of  acid  potassium  sulphite  to  a  hot  alcoholic  solution  of 
aurin.  It  is  a  crystalline  white  powder,  resembling  precipitated 
chalk.  The  sodium  and  ammonium-compounds  are  similar  bodies; 
they  are  easily  decomposed  by  acids  and  alkalis. 

Leucaurin  CgoHjgOj  is  formed  by  heating  an  aqueous  alkaline  or 
acid  alcoholic  solution  of  aurin  witli  zinc-dust  It  crystallizes  in 
thick  colourless  prisms  or  needles.  It  contains  three  hydroxyls, 
yielding  with  acetyl  chloride  tri-acetyl'lcucaurin  ^^f^iJO^iC^fi)^ 
crystallizing  from  alcohol  in  white  silky  needles. 

Phenol'phthalein  CJH^fi^  is  produced  by  heating  phenol  with 
phthalic  anhydride  ana  sulphuric  acid  to  120°. 

2CeHeO  +  C.Ufi,  =  C^H.A  +  H,0 

It  is  a  colourless  body,  dissolving  in  caustic  potash  with  a  splendid 
red  colour,  which  disappears  on  heating  it  with  zinc-dust  Hydro- 
chloric acid  precipitates  from  the  colourless  solution  phenol-phthalin 
CgoHigO^  in  white  granular  crystals. 

Fluorescein,  or  Besorcin-phthalein  CgoHjoOg,  is  formed  by  heating 
resorcin  with  phthalic  anhydride.  It  forms  small  dark-brown  crystals, 
dissolving  in  ammonia  with  a  red  colour ;  this  solution  exhibits,  even 
when  very  diluted,  a  most  beautiful  green  fluorescence.  Zinc-dust 
reduces  it  to  colourless  fliwrescin,  and  by  heating  it  with  sulphuric 
acid  it  is  converted  into  a  red  compound,  dissolving  in  alkalis  with  a 
blue  colour,  which,  on  adding  zinc-dust,  changes  into  red. 

Hydroguinone-phtlialein  Cg^H^gOg  is  obtained  by  heating  hydro- 
quinone  with  phthalic  anhydride  and  sulphuric  acid ;  it  forms  white 
crystals,  melting  at  232°,  and  dissolving  in  alkalis  with  a  violet 
colour. 

Oallein  CjoHjgOy  has  been  produced  by  heating  pyrogallol  with 
phthalic  anhydride.  It  forms  granular  crystals,  appearing  brownish- 
red  by  reflected  light,  and  blue  by  transmitted  light.  It  dissolves  in 
alcohol  with  a  dark-red,  and  in  alkalis  with  a  beautiful  blue  colour, 
which  soon  becomes  grey.     On  mordanted  cloth,  it  dyes  shades  re- 
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sembling  those  produced  by  brazil-wood.  Eeducing  agents  convert  it 
into  colourless  gallin  CjoHjgOy. 

Coerulein  G^M^^O^j  is  obtained  by  heating  gallin  with  sulphuric 
acid  to  200°.  It  dissolves  in  aniline  with  a  beautiful  blue  colour,  and 
in  alkalis  with  a  blue  colour ;  alum  precipitates  from  this  solution  a 
green  lake.     By  reduction  it  yields  yellowish-red  coerulin. 

By  using  mellitic  or  pyromellitic  acid  in  place  of  phthalic  acid, 
compounds  resembling  the  different  phthaleins  have  been  obtained. 
The  constitution  of  the  phenol-colours  is  not  exactly  known;  but 
their  constituents  may  be  divided  into  two  groups — the  phenols,  and 
the  bodies  which  keep  them  together ;  the  former  being  the  chromo- 
genous  constituents,  as  the  colour  is  but  little  changed  by  using  dif- 
ferent acids.  A  great  number  of  natural  colours,  and  chiefly  those 
contained  in  the  different  dye-woods,  have  undoubtedly  a  similar 
constitution.  The  nature  of  the  chromogeuous  constituents  of  these 
colours  can  in  most  cases  be  found  by  fusing  the  compound  with 
caustic  potash,  or  by  treating  it  with  nitric  acid ;  but  it  will  be  far 
more  difficult  to  detect  the  compounds  which  connect  the  chromo- 
geuous constituents,  as  in  the  natural  colours  this  part  seems  to  be 
played  by  compounds  belonging  to  the  sugar-group,  or  by  vegetable 
acids  which  are  not  connected  with  the  aromatic  group. 

The  following  compounds  appear  to  be  natural  phenol-colours  : — 

Hccmatoxylin  Ci^Hi^Og-hSHgO  exists  in  logwood  (Ifcematoxyloyi 
Campechianum),  and  crystallizes  from  water  in  yellow  prisms,  possess- 
ing a  sweet  taste,  and  turning  the  plane  of  polarization  to  the  right. 
By  fusing  it  with  caustic  potash  it  yields  pyrogallol. 

It  dissolves  with  a  red  colour  in  ammonia,  and  this  solution  absorbs 
readily  oxygen,  hcematein  G^^ij^^  +  HgO  being  formed,  which  is  also 
producd  by  dissolving  hsematoxylin  in  ether,  and  adding  fuming 
nitric  acid.  It  forms  brownish-red  crystals,  which  lose  water  at  130°, 
and  assume  a  green  lustre.  Hrematin  is  slightly  soluble  in  cold,  and 
freely  in  boiling  water;  alkalis  dissolve  it  with  a  beautiful  deep- 
purple  colour,  and  reducing  agents  reconvert  it  into  haematoxylin. 

Brasilin  CggHgoO^  is  found  in  brazil-wood,  sapan-wood,  peach-wood, 
&c.  It  crystallizes  in  large  yellow  prisms,  dissolving  in  ammonia 
with  a  crimson,  and  in  potash  or  soda  with  a  purple  colour.  When 
nitric  acid  is  added  to  its  ethereal  solution,  crystalline  brasilein  is 
formed,  and  boiling  nitric  acid  converts  it  into  styphnic  acid 
(page  343). 

Carthamin  G^J^ifi^  is  the  colouring  matter  of  safflower  (the  petals 
of  Carthaimis  tinctorius).  It  is  obtained  by  exhausting  safflower 
with  cold  water,  which  dissolves  a  yellow  colouring-matter ;  the 
residue  is  treated  with  a  dilute  solution  of  sodium  carbonate,  and  the 
solution  precipitated  with  acetic  acid.  Carthamin  separates  out  as  a 
flocculent  precipitate,  drying  up  to  a  beetle-green  mass.  It  dissolves 
in  alcohol  with  a  splendid  red  colour,  and  forms  with  alkalis  a  yel- 
lowish-red solution.  By  fusing  it  with  potash,  it  yields  oxalic  acid 
and  para-oxybenzoic  acid. 
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Bixin  CigHjgO^  is  the  colouring-matter  of  "  anotto"  (from  the  fruit 
of  Bixa  Orcllana),  It  is  insohible  in  water,  and  dissolves  in  alcohol 
and  alkalis  with  a  deep-yellow  colour.  When  sulphur  dioxide  is 
passed  into  its  alcoholic  solution  it  becomes  colourless. 

Santalin  CigHjJOg  is  found  in  santal-wood,  and  forms  microscopic 
bright  red  crystals,  which  are  insoluble  in  water,  but  dissolve  in 
alcohol  with  a  red,  and  in  alkalis  with  a  violet  colour.  On  adding 
barium  chloride  to  its  alkaline  solution,  a  violet  precipitate 
(Ci5Hi305)2Ba  is  formed. 

Euomnthic  Acid  CigHj^Ojo. — The  magnesium  salt  of  this  acid  is  the 
chief  constituent  of  Indian  yellow^  or  Purree,  a  body  of  unknown 
origin,  which  is  imported  from  India  and  China,  and  used  in  the 
painting  of  water-colours.  By  treating  it  with  hydrochloric  acid, 
eiixanthic  acid  is  obtained  in  yellow,  silky  needles,  which  have  a 
sweetish  bitter  taste.  On  heating,  it  is  resolved  into  water,  carbon 
dioxide,  euxantfione,  and  other  products. 

Evjocanthone  CigH^gO^  is  a  yellow,  crystalline  precipitate,  and  is  also 
formed  by  the  action  of  concentrated  sulphuric  acid  on  euxanthic 
acid.  On  fusing  it  with  potash  it  is  converted  into  euxarUhonic  acid 
Ci8HigO(OH)^  crystallizing  from  water  in  long  yellow  needles.  On 
heating  it  is  resolved  into  water  and  euxanthone.  Euxanthonic  acid 
gives  with  ferric  acid  a  red  colour,  while  euxanthone  is  coloured  green 
by  this  reagent. 

Concentrated  nitric  acid  forms  with  euxanthone  nitro-products, 
which  by  prolonged  action  are  converted  into  styphnic  acid  or  trinitro- 
resorcin. 

When  resorcin  is  heated  with  oxalic  acid  and  sulphuric  acid,  a 
yellow  substance  is  formed,  containing  apparently  euxanthone. 

Gentianin  Ci^Hj^Og  occurs  in  the  root  of  Gentiana  lutea,  and  crys- 
tallizes in  pale-yellow  needles,  which  are  tasteless,  and  almost  in- 
soluble in  water.  It  is  soluble  in  water,  and  dissolves  in  alkalis  with 
a  deep-yellow  colour,  forming  crystalline  salts. 


COMPOUNDS   CONTAINING  TWO   OR   MORE   AROMATIC   NUCLEI, 

LINKED   TOGETHER   BY   CARBON. 


DIPHENYL  C^gHio 

Is  obtained  by  the  action  of  sodium  on  bromobenzene,  and  by  passing 
the  vapour  of  benzene  through  a  red-hot  tube  : — 


Ce^e  CgHg 


+  H 


C<,Hg  CgH^ 


2 
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It  has  also  been  prodaced  by  heating  a  mixture  of  potassium 
phenate  and  benzoate  : — 

CeHg.OK  +  CgHg.COgK  =  CgHg.CgHg  +  COgKj 

Diphenyl  crystallizes  from  boiling  alcohol  in  large,  brilliant,  thin 
plates,  melting  at  70°*5.  It  boils  at  240°,  and  possesses  a  peculiar, 
aromatic  smell.  By  heating  it  with  a  solution  of  chromic  trioxide  in 
glacial  acetic  acid,  it  is  oxidized  to  benzoic  acid. 

Morwbromodiphenyl  CjgHgBr  is  obtained  by  adding  bromine  to  a 
solution  of  diphenyl  in  carbon  disulphide.  It  forms  thin,  large 
plates,  melting  at  89°,  and  boiling  at  310°.  Oxidizing  agents  convert 
it  into  parabromobenzoic  acid. 

Dihromodiphenyl  G^^fir^  is  formed  by  acting  with  bromine  on 
diphenyl  in  the  presence  of  water.  It  crystallizes  from  benzene  in 
lai-ge  colourless  prisms,  melting  at  164°,  and  volatilizing  at  a  high 
temperature.     On  oxidation  it  yields  also  parabromobenzoic  acid. 

iknitrodiphenyl  €^^^(^0^2' — When  diphenyl  is  dissolved  in  cold 
concentrated  nitric  acid,  two  isomeric  compounds  are  formed.  One 
crystallizes  in  slender,  colourless  needles,  melting  at  213° ;  and  the 
other,  called  isodinitrodiphenyl,  which  is  more  soluble  in  alcohol, 
forms  large  colourless  crystals,  melting  at  93°'5. 

Diamidophenyl,  or  Beiizidine,  C^fi'^{TS[B,2)2,  ^^  ^^^  ^^^7  produced 
by  reducing  the  first  of  the  dinitro-compounds  with  ammonium  sul- 
phide or  tin  and  hydrochloric  acid,  but  also  by  the  action  of  acids  on 
hydrazobenzene  (page  328),  the  following  molecular  change  taking 
place : — 

CcH5.NH  CeH,.NH2 


UgH^.- 


It  is  therefore  conveniently  prepared  by  passing  sulphur  dioxide 
into  an  alcoholic  solution  of  azobenzene : — 

II  +  2H2O  +  SO2  =  I  +  H,SO, 

CeH,.N  CeH,.NH2 

Benzidine  has  also  been  obtained  by  acting  with  sodium  on  brom- 
aniline. 

It  forms  silvery  scales,  melting  at  118°,  and  subliming,  when  more 
strongly  heated,  with  partial  decomposition. 

Benzidine  Sulphate  C^JiJl^'H^)^  is  a  white  powder,  which  is  almost 
insoluble  in  water  and  alcohol. 

Imidodiphenyl,  or  Carbazol  CjgHg.NH. — This  body  was  first  found 
in  crude  anthracene ;  it  is  produced  synthetically  by  passing  phenyl- 
aniline  tlirough  a  red-hot  tube : — 

^NH      =      I       )>NH  +  H, 
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Carbazol  crystallizes  from  alcohol  in  white  plates,  melting  at  238°, 
and  boiling  at  354°.  Cold  nitric  acid  colours  it  green  in  the  cold,  and 
on  heating  nitro-compounds  are  formed.  It  has  no  basic  properties, 
but  combines  with  picric  acid  like  the  aromatic  hydrocarbons,  forming 
the  compound  CjgH^N  +  CgH2(N02)30H,  which  crystallizes  from  coal- 
tar  naphtha  in  large  red  prisms. 

Acetylcarhazol  Ci2H8N(C2H30)  is  obtained  by  heating  carbazol  with 
acetic  anhydride ;  it  crystallizes  from  alcohol  in  flat  prisms,  melting 
at  GO"",  and  combines  with  picric  acid. 

GarhazoliTie  CjgHig.NHg. — This  additive  compound  is  formed  by 
heating  carbazol  with  hydriodic  acid  atid  phosphorus  to  240°.  It  is  a 
weak  base,  crystallizing  from  alcohol  in  tufts  of  silky  needles,  melting 
at  99°,  and  boiling  at  296°.  By  heating  its  hydrochloride  to  300°  it 
loses  hydrochloric  acid  and  hydrogen,  being  converted  into  hydrocar- 
hazol  C^g^is^'  crystallizing  from  alcohol  in  warty  masses  possessing 
an  unpleasant  smell.  It  has  no  basic  properties,  but  combines  with 
picric  acid. 

Acridiv^  C^g^o^- — ^^^  isomeride  of  carbazol  has  also  been  found 
in  crude  anthracene.  It  crystallizes  from  dilute  alcohol  in  transparent 
rhombic  prisms,  which  have  generally  a  yellowish-brown  colour.  It 
melts  at  107°,  and  boils  above  360°,  but  sublimes  even  at  as  low 
a  temperature  as  100°  in  large,  broad  needles.  It  has  basic  pro- 
perties, and  forms  well-defined  salts,  which,  as  well  as  the  free 
base,  produce  a  burning  pain  on  the  skin,  and  attack  violently 
the  mucous  membranes,  the  least  quantity  giving  rise  to  violent 
sneezing. 

Dipheiiylene  Oxide  CjgHoO  is  produced  by  distilling  triphenyl  phos- 
phate with  quicklime ;  it  forms  small  plates,  melting  at  80**,  boiling  at 
273°,  and  possessing  an  agreeable  odour.  It  is  not  changed  by  passing 
it  over  red-hot  zinc-dust,  nor  by  heating  it  with  hydriodic  acid  to 
25(1°. 

Diphenylmonosulphonic  Acid  Ci2Hg.S03H  is  obtained  by  heating 
equal  molecules  of  diphenyl  and  sulphuric  acid  until  water  and  the 
hydrocarbon  begin  to  volatilize.  The  potassium  salt  C^g^p-SOgK 
crystallizes  from  hot  water  in  very  slender  long  needles,  which 
after  some  time  change  into  a  heavy  powder.  The  barium-  and 
calcium-salts  are  precipitates,  which  can  be  crystallized  from  boiling 
water. 

Diphenyldisul2)honic  Acid  Ci2H8(S03H)2  is  produced  by  heating  the 
hydrocarbon  with  an  excess  of  sulphuric  acid.  The  potassium  salt 
Ci2Hg(S03K)2  -f  5H2O  forms  long  thick  prisms.  The  barium-  and 
lead-salts  are  insoluble  in  water.  By  decomposing  the  latter  with 
hydrogen  sulphide  in  the  presence  of  water,  the  free  acid  is  obtained, 
which  on  evaporation  is  left  in  deliquescent  prisms,  melting  at  72°*5, 
and  decomposing  above  200°. 

Dioxydiphenyl  Ci2Hg(OH)2. — This  phenol  is  prepared  by  acting  with 
nitric  trioxide  on  benzidine  nitrate,  and  boiling  the  diazo-compound 
with  water : — 
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Ci  A  {  g=gzSo;  +  2H,0  =  C„H3 1  gg  +  2N,  +  2HN0, 

It  resembles  common  phenol,  crystallizing  in  needles,  which  dissolve 
sparingly  in  water,  but  freely  in  alcohoL 

Heocoocydiphenyl  CjjH^COH)^. — The  tetramethyl-ether  of  this  phenol 
is  formed  by  the  dry  distillation  of  beech-  and  birch- wood,  and  there- 
fore occurs  in  crude  wood- vinegar,  which  is  purified  by  the  addition 
of  potassium  dichromate.  Blue  films  are  deposited,  consisting  of  the 
corresponding  quinone,  or  caerolignone  G^<^4liOCiE,^fi'\y  which  is 
obtained  pure  by  dissolving  the  precipitate  m  cold  phenol,  from  which 
it  is  precipitated  by  alcohol  in  dark  steel-blue  needles.  It  is  in- 
soluble in  all  ordinary  solvents,  and  neither  distils  nor  sublimes 
without  decomposition.  Eeducing  agents  reconvert  it  into  tetra" 
methyl'hexoxydiphenyl,  or  hydrocaerolignone  Ci2H^(OCH3)^(OH)2,  crys- 
tallizing from  alcohol  in  colourless  monoclinic  prisms,  melting  at 
190°,  and  distilling,  when  carefully  heated,  without  decomposition. 
By  adding  sodium  ethylate  to  its  alcoholic  solution,  the  phenate 
Ci2H^(OCH3)^(ONa)2  is  obtained  as  a  yellow,  neutral  precipitate. 

When  hydrocaerolignone  is  heated  with  hydrochloric  acid  to  200°, 
it  is  resolved  into  methyl  chloride  and  heocoxydiphenyl,  crystallizing 
from  boiling  water  in  beautiful  plates,  grouped  in  rosettes,  and  dis- 
solving in  alkalis  with  a  splendid  purple  colour.  Bed-hot  zinc-dust 
reduces  it  to  diphenyL 


DIPHENYL-METHANE,  OR  BENZYL-BENZENB  CHj-J  rfi^^  • 

This  hydrocarbon  was  first  obtained  by  distilling  diphenylacetic 
acid  (Coll^fill.CO^^  with  baryta.  It  is  also  produced  by  heating 
benzyl  chloride  with  benzene  and  zinc-dust  to  150°.  When  the 
action  is  once  started,  the  zinc  may  be  withdrawn,  without  hindering 
the  completion  of  the  reaction,  during  which  currents  of  hydro- 
chloric acid  are  evolved : — 

CeH,.CH2Cl  +  CeHe  =  CeH,.CH,.CeH,  +  HCl 

Besides  benzyl-benzene,  other  products  are  formed,  of  which  two 
isomeric  hydrocarbons  Co^Hig  have  been  isolated.  We  cannot,  as  yet, 
explain  why  such  a  stable  body  as  benzene  takes  part  in  this  reaction 
with  such  great  energy. 

Diphenyl-methane  crystallizes  in  monoclinic  prisms,  melting  at 
26°-5,  and  possessing  the  odour  of  oranges. 

Benzyl-phenol,  or  Benzyl-oxybenzene,  CgH5.CH2.CgH^.OH  has  been 
obtained  by  heating  benzyl  chloride  with  phenol  and  zinc-dust.  It 
crystallizes  from  alcohol  in  lustrous  plates,  melting  at  84°,  and  dis- 
solves in  caustic  alkalis,  but  not  in  ammonia. 

JBcnzylphenyl-methyl  Ether,  or  Benzyl-ani&ol  C^Hg.CIJyC^H^.OCHg, 

C  E  E 
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is  fonned  by  the  action  of  zinc  on  a  mixture  of  anisol  (page  332)  and 
benzyl  chloride.  It  is  a  limpid,  mobile  liquid,  possessing  an  aromatic 
odour,  and  boiling  at  about  305**.  On  heating  it  with  hydriodic  aciu 
to  170°,  it  is  resolved  into  benzyl-phenol  and  methyl  iodide. 

Diphenyl  Ketone,  or  Benzophenone, — The  ketone  of  benzoic  acid  has 
been  produced  by  difiTerent  reactions : — 

(1.)  By  the  dry  distillation  of  calcium  benzoate  : — 

g;g;.cSo }  ca  =g;i; }  co + co  { g }  ca 

(2.)  By  heating  mercury-diphenyl  with  benzoyl  chloride  in  closed 
tubes : — 


(CeH,),Hg  +  2CeH,.C0Cl  =  2CeH,.C0.CeH,  +  HgCl 


2 


(3.)  By  heating  a  mixture  of  benzene,  benzoic  acid,  and  phosphorus 
pentoxide  to  200° : — 

CeHe  +  CeH5.CO.OH  =  CeH5.CO.CeH5  4.  H2O 

Benzophenone  crystallizes  from  alcohol  in  rhombic  prisms,  melting 
at  49°,  and  boiling  at  300°.  An  isomeric  modification  is  obtained  by 
oxidizing  diphenyl-methane  with  chromic  acid  solution.  It  forms 
transparent  monoclinic  crystals,  melting  at  26°.  After  some  time 
they  become  opaque,  and  change  into  the  common  rhombic  modi- 
fication. 

Monochlorobenzaphenone  CgH^CLCO.CeHg  has  been  prepared  by 
heating  monochlorobenzene  with  benzoic  acid  and  phosphorus  pent- 
oxide.  It  crystallizes  from  a  mixture  of  ether  and  alcohol  in  tufts  of 
brilliant  flat  needles,  melting  at  76°. 

Diphenyl  Carbinol,  or  Benzhydrol  (CeH5)2CH.OH. — This  secondary 
alcohol  is  produced  by  the  action  of  nascent  hydrogen  on  benzo- 
phenone ;  it  crystfidlizes  in  silky  needles,  melting  at  67°*5. 


PHENYL-TOLYL-METHANE,  OB  BENZYL-TOLUENE  CH-  |  ^•5'^  ^tt 

Is  one  of  the  products  obtained  by  heating  a  mixture  of  toluene  and 
benzyl  chloride  with  zinc-dust.  It  is  a  liquid  boiling  at  277**,  and 
possessing  a  fragrant,  fruity  smell. 

r  c  H 

Tolyl'phenol  Ketone  CO  \  ^^  Q-g     exists  in  two  modifications, 

which  have  been  obtained  by  oxidizing  benzyl-toluene,  and  by  heating 
a  mixture  of  toluene,  benzoic  acid,  and  phosphorus  pentoxide  to  200°. 
One  crystallizes  in  flat  pointed  plates,  melting  at  57^  On  heating  it 
with  soda-lime  to  270°,  it  is  resolved  into  benzene  and  paratoluic 
acid.    The  other  modification  is  a  liquid. 

Benzoyl-benzoic  Acid  CeH5.CO.CeH^.C02H  is  produced  by  oxidizing 
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benzyl-toluene  or  tolyl-phenyl  ketone  with  potassium  dichromate  and 
dilute  sulphuric  acid.  It  crystallizes  in  thin  needles  or  plates,  melt- 
ing at  194°,  and  sublimes  at  a  high  temperature  in  brilliant  needles. 

BenzhydryUhenzoic  Add  CeH5.CH(OH).C-H^.C02H.— This  glycollic 
acid  is  a  product  of  the  action  of  tin  and  hydrochloric  acid  on  an 
alcoholic  solution  of  benzoyl-benzoic  acid.  It  is  more  freely  soluble 
in  water  than  the  latter,  and  crystallizes  in  needles,  melting  at  165"^ ; 
it  cannot  be  sublimed,  but  decomposes  when  more  strongly  heated. 

Benzyl'henzoic  Acid  Gfi^,d3i2,G^^,CO^, — To  obtain  this  com- 
pound, benzhydryl-benzoic  acid  is  heated  with  concentrated  hydriodic 
acid.  This  reaction  is  perfectly  analogous  to  the  formation  of  acetic 
acid  from  glycollic  acid.  It  crystallizes  from  alcohol  in  glistening 
needles,  melting  at  155°,  and  subliming  without  decomposition.  When 
heated  with  lime  it  is  resolved  into  carbon  dioxide  and  diphenyl- 
methane. 


BENZYL-ETHYL-BENZENE  C^Hg.CHgCeH^.CjHg 

Is  formed  by  heating  a  mixture  of  benzyl  chloride  and  ethyl-benzene 
with  zinc.  It  is  a  liquid  having  a  faint  aromatic  smell,  and  boiling  at 
294".     On  oxidation,  it  yields  benzoyl-benzoic  acid. 


CgH^.CHj 

DITOLYL     I 

CgH^.CHg 

To  prepare  this  hydrocarbon,  solid  bromotoluene  is  treated  with 
sodium.  It  crystallizes  from  ether  in  splendid  monoclinic  prisms, 
melting  at  121°.  An  isomeride  has  been  obtained  by  the  action  of 
sodium  on  monochlorotoluene ;  it  is  a  liquid  boiling  at  272°. 


CqxIi^.CIIj 

DIBENZYL,  OB  DIPHENYL-ETHANE  J        , 

C^Hg.CHj 

Is  produced  by  acting  with  sodium  on  benzyl  chloride.  It  crystallizes 
from  ether  in  large  monoclinic  prisms,  melting  at  62%  and  boiling 
at  284°. 


CeHg.CH 

STILBEKE,  TOLUYLENE,  OR  DIPHENYL-ETHENE  ||      . 

This  hydrocarbon  is  formed  by  the  action  of  sodium  on  benzaldehyde 
or  benzylene  dichloride,  as  well  as  by  passing  the  vapour  of  benzyl- 

E  £  2 
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chloride*  over  heated  soda-lime,  or  the  vapour  of  dibenzyl  over  hot 
lead  oxide : — 

CgHg.CHj  CgH^.CH 

I        +PbO=  II      +HgOfPb 

CgHg.CHj  Cgag.CH 

It  is,  however,  most  conveniently  prepared  by  submitting  benzyl 
sulphide  to  dry  distillation : — 

>=  II      +H,S 

CflHg.CHj  CgHg.CH 

On  slow  evaporation  of  its  ethereal  solution,  it  is  obtained  in  large 
monoclinic  plates,  melting  at  120°,  and  boiling  at  306°.  By  heating 
it  with  concentrated  hydriodic  acid  it  is  reduced  to  dibenzyl. 

Dinitrostilhene  C^^^iJi^O^^  has  been  produced  synthetically  by 
heating  nitrobenzyl  chloride  with  alcoholic  potash : — 

CeH,(N02)CH2Cl  CeH/NO,)CH 

+  2K0H  =  II     +  2KC1  +  2H,0 

CeH,(N04)CH2Cl  CeH,(N02)CH 

It  forms  brilliant  yellow  needles,  having  a  green  lustre,  and  sublimes 
in'  yellow  plates.  By  heating  it  with  alcoholic  ammonium  sulphide 
in  sealed  tubes  to  100°,  it  is  converted  into  diamidostilbene 
^11^10(^^2)2^  crystallizing  from  alcohol  in  white  plates,  melting  at 
170°.     The  hydrochloride  Ci^Hiq(NH3)2C12  forms  white  plates. 

Toluylene  or  Stilbene  Bibromtde  C^^H^gBrg,  separates  out  in  needles 
when  bromine  is  added  to  a  solution  of  stilbene  in  ether.  By  heating 
it  with  alcoholic  potash  it  is  converted  into  monobrotnostilbens 
Ci^HiiBr,  an  oily  liquid,  distilling  with  partial  decomposition. 

Toluylene  Glycol  Gjji^2i^^)2  ^'Xists  in  several  isomeric  modifica- 
tions. Two  of  them  are  obtained  by  heating  stilbene  dibromide  with 
silver  acetate  and  glacial  acetic  acid,  and  boiling  the  product  with 
alcoholic  potash.  One  crystallizes  in  rhombic  prisms,  melting  above 
115"*;  and  the  other,  called  isotoluylene  glycol,  forms  slender  needles, 
melting  at  96°. 

CeH5.CH.OH 

Hydrobenzoin  \  . — This  third  isomeride  is  formed  by  the 

CeH..CH.OH 
action  of  zinc  and  hydrochloric  on  benzaldehyde.      It  forms  laige 
rhombic  plates,  melting  at  130°. 
CeH5.CH.OH 

Benzoin  \  is  produced  by  heating  hydrobenzoin,  or  the 

CeH5.C0 

two  toluylene  glycols,  gently  with  nitric  acid,  and  was  first  obtained 

by  adding  benzaldehyde  to  an  alcoholic  solution  of  potassium  cyanide. 

It  is  therefore  also  formed  by  the  action  of  alcoholic  potash  on  crude 
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oil  of  bitter  almonds.  It  forms  colourless  prisms,  melting  at  137**. 
Acetyl  chloride  converts  it  into  the  monacetate  C^^fi^yOyC^^fi,  and 
nascent  hydrogen  into  hydrobenzoin. 

Stilbene  Glycol. — This  fourth  isomeric  glycol  is  formed  together,  with 
other  products,  when  benzoin  is  heated  with  alcoholic  potash.  It 
crystallizes  in  four-sided  flat  prisms,  melting  at  132°.  Acetyl  chloride 
converts  it  into  the  diacetate  C^fi^^(OGfi2^)2>  forming  colourless 
needles  melting  at  135°. 

Deoxybenzoirif  or  PTienyl-henzyl  Ketone   ^  -rr  Arr^  \  CO,  was    first 

obtained  by  the  action  of  zinc,  and  hydrochloric  acid  on  benzoin.  It 
is  also  readily  produced  by  heating  monobromostilbene  with  water  to 
180°,  and,  together  with  other  products,  by  distilling  a  mixture  of 
benzoate  and  phenylacetate  of  csJcium.  It  crystallizes  from  alcohol 
in  plates,  melting  at  55°. 

Stilbyl  Alcohol,  or  PlienyUlenzyl    Carbinol  ^-^  ^tt*  >  CH.OH,is 

produced  by  the  action  of  sodium-amalgam  on  a  hot  alcoholic 
solution  of  deoxybenzoin.  It  forms  glistening,  slender  needles, 
melting  at  62°.  Nitric  acid  oxidizes  it  to  deoxybenzoin,  and  by  boiling 
with  dilute  sulphuric  acid  it  is  resolved  into  water  and  stilbene. 
Acetyl  chloride  converts  it  into  stilbyl  acetate,  a  colourless,  oily 
liquid. 

C,H,.CO 
Benzil,  or  Dibenzoyl  I    is  obtained  by  the  action  of  nitric 

CeH,.(!;o 

acid  or  chlorine  on  benzoin,  or  by  treating  deoxybenzoin  with  bromine, 
and  heating  the  bromide  CQH3.CBr2.CO.CgH5,  thus  formed  with  water. 
Benzil  crystallizes  from  alcohol  in  large,  hexagonal  prisms,  melting  at 
90°.     Nascent  hydrogen  re-converts  it  into  benzoin. 

Benzilic  Add,  or  Diphcnylglycollic  Add  (CgH5)2C(OH)C02H  is 
formed  when  benzil  is  heated  with  a  little  potash  and  alcohol  to  100°. 
It  is  readily  soluble  in  alcohol  and  hot  water,  and  crystallizes  in 
small  monoclinic  needles,  melting  at  150°,  and  possessing  a  bitter 
taste.  Oxidizing  agents  resolve  it  into  water,  carbon  dioxide,  and 
diphenyl  ketone,  and  when  its  barium  salt  is  heated  with  a  little 
soda-lime,  it  splits  up  into  carbon  dioxide  and  diphenyl  ketone. 

These  reactions  show  that  this  acid  contains  the  two  phenyl-groups 
linked  to  one  carbon-atom,  and  therefore  in  its  formation  from  benzil 
a  molecular  change  must  have  taken  place. 

Diphenylacetic  Add  (CgH5)2CH.C02H  is  produced  by  the  action  of 
concentrated  hydriodic  acid  on  benzilic  acid.  It  crystallizes  from 
boiling  water  in  needles,  melting  at  146°.  When  heated  with  baryta 
it  is  resolved  into  carbon  dioxide  and  diphenyl-methane. 

DiphenyltricMor ethane  (CgHJgCH.CClg  is  obtained  by  the  action  of 
sulphuric  acid  on  a  mixture  of  benzene  and  chloral : — 

2CeH^  +  COH.CCI3  =  (CgH,)2CH.CCl3  +  H2O 
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It  crystallizes  from  alcohol  in  shining  white  plates,  melting  at  64''. 

On  heating  with  alcoholic  potash  it  is  converted  into  DiphenyU 
dichlorethene  (C^HJgC.CClg  crystallizing  in  large  flat  prisms,  melting 
at  80°. 

Diphenylpropionic  Acid,  or  Dtbenzylcarbonic  Acid  I 

CeH^.CH.COjH 

The  ethyl-ether  of  this  acid  has  been  obtained  by  the  action  of 
sodium-amalgam  on  a  mixture  of  benzyl  chloride  and  ethyl  chloro- 
carbonate.  Diphenylpropionic  acid  crystallizes  from  alcohol  in  thin 
needles,  melting  at  84°.  On  heating  with  lime  it  is  resolved  into 
carbon  dioxide  and  dibenzyl  (or  stilbene  and  hydrogen). 

CeHj.CH.CO,H 

Diphenylsiiccinic  Acid,  or  Dibemyldicarbonic  Acid  I 

CeH^.CH.COjH 

is  produced  by  the  action  of  alcoholic  potash  on  phenyl-broraacetic 
acid,  CgHg.CHBr.COjH.  It  forms  hard  white  prisms,  and  when 
heated  with  lime  yields  dibenzyl  and  stilbene. 


TOLANB,  OR  DIPHENYL-ETHINE 


CgHg.C 


CgHg.C 


To  prepare  this  body,  stilbene  dibromide  must  be  heated  with 
alcoholic  potash  for  a  long  time.  It  forms  long  prismatic  crystals, 
melting  at  60°.  With  bromine  it  forms  tolane  dibromide  C,^Hi^jBrj, 
which  exists  in  two  isomeric  modifications  ;  one  crystallizing  in  white, 
flat  scales,  melting  at  200*,  and  the  other  in  long,  brittle  needles, 
melting  at  64°.  When  either  of  them  is  heated  with  water  to  180*, 
for  some  hours,  a  large  portion  is  always  converted  into  the  other 
modification.  On  heating  them  with  alcoholic  potash,  tolane  is 
regenerated,  and  aldehyde  is  formed,  which  by  the  potash  is  converted 
into  aldehyde-resin : — 

CeH,.CBr  CeH,.C 

II      +  2K0H  -h  C.HeO  =   ^       |||  -h  2KBr  +  C,H,0  +  2H,0 
CgHg.CBr  CgHg.C 

This  example  shows  very  well  the  energetic  resistance  which 
hydrogen,  contained  in  the  aromatic  nucleus,  offers  to  oxidation.  Thus 
while  stilbene  dibromide,  when  acted  on  by  alcoholic  potash,  readily 
loses  the  two  hydrogen-atoms  contained  in  the  side-chain  in  the 
form  of  water,  tolane  dibromide  under  the  same  conditions  parts  only 
with  the  bromine,  and  the  oxygen  of  the  potash  converts  the  alcohol 
into  aldehyde. 
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DIMESITYL-METHANB  CHj/^e^^fCH*)* 

This  compound  is  readily  obtained  by  the  action  of  sulphuric  acid 
on  a  solution  of  mesitylene,  and  formaldehyde,  or  methyl  alcohol 
and  chromic  trioxide  in  glacial  acetic  acid : — 

2C8H,(CH,),  +  CH,0  =  CH,[CeH,(CH,),],  +  H^O 

It  crystallizes  from  ether  in  large  monoclinic  prisms,  melting 
at  130^ 


TRIPHENYL-METHANB  C'E{CqI{^^ 

To  prepare  this  hydrocarbon,  mercury-diphenyl  is  heated  with 
benzylene  dichloride  to  150^ 

CeH^.CHCl,  +  2(CeH,),Hg  =  CH(CeH^3  +  2CeH,HgCl 

On  evaporating  its  alcoholic  solution,  it  separates  out  in  large 
lustrous  crystals,  melting  at  92®'5.  It  combines  with  benzene,  forming 
large  transparent  crystals,  consisting  of  CH(C^H5)8  +  C^Hg,  and 
melting  at  76^  When  this  compoimd  is  exposed  to  the  air,  benzene 
volatilizes,  and  the  crystals  become  opaque  and  brittle.  Triphenyl- 
methane  does  not  combine  with  toluene. 


DIPHEKYL-DIETHINE  C/CgHg)^ 

When  copper-ethinyl-benzene  (page  385)  is  shaken  with  concen- 
trated alcoholic  ammonia  in  presence  of  air,  the  following  reaction 
takes  place : — 

CeH,.C=C  CeH,  C=C 

>Cu-  +  0,  =  I  +2CuO 

CeH,.C=C^  CeH,.C=C 

Diphenyl-diethine  crystallizes  from  alcohol  in  long  needles,  melting 
at  94"",  it  combines  with  bromine,  forming  a  viscid  octobromide 
C,Br3(C,H,),. 


DIPHTHALYL  CeH,<^2_^2>CeH, 

When  phthalic  acid  is  boiled  with  phosphorus  pentstchloride,  it  is 
converted  into  phthcdyl  chloride  CgH^(COCl)j,  which,  when  heated 
with  silver-dust,  yields  diphtJialyl,  a  crystalline  solid,  melting  a  little 


424  THE  CHEMISTRY  OF 

above  300°,  and  subliming  in  8oft,  pale-yellow,  interlaced  needles. 
Nitric  acid  oxidizes  it  to  diphthcUic  acid  {G^^^{CO)^{COSiE)^ 
forming  microscoijic  needles,  melting  at  265^  By  heating  this  acid 
above  its  melting-point,  it  yields  diphthalyl,  and  phthalic  anhydride, 
whilst  by  boiling  it  with  nitric  acid  for  some  time  it  is  oxidized  to 
phthalic  acid. 


TETRAPHENYL-ETIIENE   G^ip^l^^^ 

By  acting  with  phosphorus  pentachloride  on  diphenyl  ketone  it  is 
converted  into  diphcnyl-dichloromcthane  {G^^fiGl^y  and  this  com- 
pound, when  heated  with  silver-dust,  yields  tetraphenyl-ethene, 
crystallizing  from  hot  benzene  in  pointed  prisms,  melting  at  221**. 
Hot  concentrated  sulphuric  acid  converts  it  into  tetraphenyl-teira- 
sulphonic  acid,  which,  when  fused  with  potash,  yields  the  corresponding 
phenol,  or 

Tetroxytetraphenyl'dhene  CgCCgH^.OH),  crystallizing  from  hot 
glacial  acetic  acid  in  very  thin,  small  plates,  which  in  the  air  as- 
sume a  faint  violet  tinge.  On  adding  ferric  chloride  to  a  solution 
of  this  phenol  in  acetic  acid,  a  dark  blood-red  liquid  is  formed, 
from  which  crystals,  having  a  metallic  lustre,  and  consisting  *  of 
(  CeH,.OH 

I    p     XI    V 

Cg  <  cw/^^  separate  out  on  standing.     This  quinone  is  insoluble 

(  ajH^OH. 
in  water,  and  dissolves  sparingly  in  alcohol,  but  freely  in  alkalis,  with 
an  intensely  bluish-green  colour,  which,  by  the  action  of  zinc-dust, 
disappears.      These   properties  show  that  this  compound  is  nearly 
related  to  the  phenol-colours. 

Benzpinaconc,  or  Tetraphenyl-ethene  Glycol  (CgHJ  JOgCOH)^  is  pro- 
duced by  the  action  of  zinc  and  sulphuric  acid  ondipnenyl  ketone : — 

(CeHJ.CO  (CeH,)2C.0H 

(CeH,),CO  (CeH,),C.OH 

It  forms  very  small  prisms,  melting  at  about  180*;  oxidizing  agents 
convert  it  again  into  diphenyl  ketone,  and  with  water  and  sodium 
amalgam  it  yields  diphenyl  carbinoL 


DIPHENYL-BENZENE   C^H^(C^H^2. 

This  hydrocarbon  is  formed,  together  with  diphenyl,  when  benzene 
is  passed  through  a  red-hot  tube,  and  is  also  produced,  by  the  action 
of  sodium  on  a  mixture  of  monobromobenzene  and  paradibromo- 
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benzene.  It  forms  colourless  crystals  melting  at  205*,  and  boiling 
at  about  400°.  On  oxidizing  it  with  a  solution  of  chromic  trioxide 
in  glacial  acetic  acid  it  yields  paradiphenylcarhonic  or  paraphenyU 
benzoic  acid  CgHg.C^H^.COgH,  crystallizing  from  alcohol  in  tufts  of 
needles,  melting  at  21G°,and  subliming  in  long  needle-shaped  crystals. 
By  heating  it  with  lime  it  is  resolved  into  carbon  dioxide  and  di- 
phenyl,  and  by  further  oxidation  it  is  converted  into  terephthalic 
acid. 


TKIPIIENYL-BENZENE   CgHg  (6^115)3 

Is  formed  by  heating  methyl-phenyl  ketone  with  phosphorus  pent- 
oxide  ;  this  reaction  is  perfectly  analogous  to  the  formation  of 
mesitylene  from  dimethyl  ketone : — 

3CeH,.CO.CH3  =  {C,U,\C,n,  +  3H,0 

It  crystallizes  from  ether  in  short  prisms,  melting  at  167°. 


INDIGO-GKOUP. 

Indigotin,  or  Indigo-blue  CigHj^NgOg,  occurs  as  glucoside,  called 
Indican,  CgjHggNgOg^  in  different  species  of  Indigqfera,  growing  in 
India,  Africa,  and  South  America,  and  in  Isatis  tinctoria,  Polygonum 
tinctorium  and  Nerium  tinctorium.  It  is  a  brown  syrup,  having  a 
nauseous,  and  bitter  taste.  On  boiling  it  with  a  dilute  mineral  acid, 
it  is  resolved  into  a  kind  of  sugar  and  indigotin  : — 

C,,He,N,0,i  +  4H,0  =  C,eH,oN,02  +  ^C,}I,,0, 

Indigo  is  obtained  by  macerating  the  plants  with  water,  exposing 
the  liquid  in  flat  vessels  to  the  air,  and  stirring  it  up  frequently. 
Fermentation  soon  sets  in,  and  indigo  is  deposited  as  a  blue  powder. 
It  comes  into  the  market  in  the  form  of  cubic  cakes,  which,  when 
rubbed  with  a  hard  body,  exhibit  a  copper-red  lustre. 

Indican  sometimes  occurs  in  human  urine  which,  on  standing  or 
by  adding  an  acid,  deposits  indigotin. 

Commercial  indigo  is  a  mixture  of  diflerent  bodies ;  to  obtain  pure 
indigotin,  finely  powdered  indigo,  grape-sugar,  and  strong  soda-lye, 
are  put  in  a  flask,  which  is  filled  with  hot  alcohol  and  corked.  In  the 
place  of  grape-sugar  and  alcohol,  ferrous  sulphate,  and  hot  water  may 
be  used.  After  standing  for  some  hours,  a  yellow,  clear  solution  is 
obtained,  containing  hydro-indigotin  or  indigo-white ;  on  exposing  it 
to  the  air  it  absorbs  oxygen,  and  indigotin  is  precipitated  as  a  crystal- 
line powder. 

Indigotin  has  a  deep-blue  colour  with  a  purple  tinge  ;  it  is  in- 
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soluble  in  water,  alcohol,  dilute  acid«,  and  alkalis,  but  dissolves  in 
boiling  aniline,  with  a  fine  blue  colour,  and  in  hot  paraffin  with  a 
purple  colour ;  on  cooling  it  is  deposited  in  crystals.  When  heated 
to  about  300°,  it  volatilizes  in  purple  vapours,  condensing  in  prisms, 
having  a  purple  lustre. 

Indigotin  has  also  been  obtained  synthetically  by  heating  the 
syrupy  modification  of  methyl-nitrophenyl  ketone  until  it  is  converted 
into  a  solid  mass,  which,  when  carefully  heated  with  soda-lime  and 
zinc-dust,  yields  a  small  quantity  of  indigotin.  This  reaction  gives 
a  clue  to  the  constitution  of  indigotin : — 

02N.CeH,.CO.CH3      N.CeH,.CO.CH 

=  11  II      +  2HjO  +  O, 

02N.CeH,.CO.CH3      N.CeH^.CO.CH 

When  indigo  is  boiled  with  caustic  soda  and  mai^nese  dioxide  it 
yields  1*2  amidobcnzoic  acid : — 

2(N.CeH,.C0.CH)  +  6NaOH  +  20^  = 
2(H2]sr.C6H,.C02Na)  +  2Na2C03  +  2H2O 

By  distilling  indigo  with  potash,  pure  aniline  is  obtained  :— 

2(KC6H,.CO.CH)  +  8K0H  +  2Rfi  = 
2(H2N.CeH5)  +  -tK^COg  H-4Hj 

HN.C^H^.CO.CH 

Hydro4ndigotin,  or  IruHgo-white  CjgHigNgOg  =       |  I| 

HN.C^H^.CO.CH 

stands  in  the  same  relation  to  indigotin  as  hydrazobenzene  to 
azobenzene.  To  obtain  the  pure  compound,  its  alkaline  solution, 
which  has  been  mentioned  already  under  indigotin,  is  decomposed 
by  hydrochloric  acid  in  an  atmosphere  of  carbon  dioxide  ;  the  pre- 
cipitate is  washed  with  water,  which  has  been  freed  from  air  by 
boiling,  and  dried  in  a  current  of  hydrogen. 

Indigo- white  is  a  crystalline  white  powder,  which  in  the  moist  state 
rapidly  absorbs  oxygen,  and  is  oxidized  to  indigotin. 

The  existence  of  this  compound  is  made  use  of  in  the  dyeing  of 
cotton-goods.  An  "indigo- vat"  is  prepared  by  mixing  one  part  of 
powdered  indigo  with  two  parts  of  ferrous  sulphate,  three  parts  of 
slaked  lime,  and  200  parts  of  water.  After  the  mixture  has  stood 
for  some  time,  the  goods  are  steeped  in  the  liquid  and  then  exposed 
to  the  air,  when  indigotin  is  gradually  deposited  in  the  fibre. 

IndigotinstUphonic  Acids, — Indigo  or  indigotin  dissolves  in  highly 
concentrated  sulphuric  acid  with  a  deep-blue  colour ;  on  diluting  this 
solution  with  water,  a  blue  precipitate  of  the  monostdphonic  add,  or 
sulphopurpiiric  acid  CigH^NjO,.S03H,  is  obtained,  which  is  insoluble 
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in  dilute  acids,  but  dissolves  in  water.     Its  purple  salts  dissolve  in 
water  with  a  blue  colour. 

The  filtrate  from  this  acid  contains  indigotindisulphonic  acid 
(indigo-sulphuric  acid)  CipH«N202(S03H)2,  which  is  separated  from 
the  excess  of  sulphuric  acid,  by  steeping  white  wool  into  the  liquid 
until  it  is  dyed  a  deep  blue.  After  being  washed  with  water,  the 
wool  is  treated  with  ammonium  carbonate,  and  the  blue  solution  pre- 
cipitated with  lead  acetate.  On  decomposing  the  precipitate  with 
hydrogen  sulphide,  a  colourless  solution  of  hydro-indigotindisul- 
phonic  acid  is  obtained,  which  readily  absorbs  oxygen  and  leaves 
on  evaporation  indigotindisulphonic  acid  as  a  blue  amorphous  mass. 
It  forms  blue  amorphous  salts. 

Potassium  and  Sodium  indigotindisvlphonates  are  obtained  as  blue 
precipitates  by  neutralizing  a  solution  of  indigo  in  sulphuric  acid 
with  potassium  or  sodium  carbonate.  They  are  insoluble  in  salt- 
solutions,  but  dissolve  in  water  with  a  fine  blue  colour  and  are  found 
in  commerce  imder  the  name  of  "indigo-carmine,"  or  "indigo- 
extract." 

N.CeH,.CO.C.OH 

Isatin  CigHj^jNjO^  =    |  I        ^s  conveniently  prepared  by 

KCeH,.CO.C.OH 
adding  gradually  nitric  acid  to  a  boiling  mixture  of  finely-powdered 
indigo  and  water,  until  the  blue  colour  has  completely  disappeared. 
It  crystallizes  from  hot  water  in  biilliant  yellowish-red  prisms,  dis- 
solving in  water  and  alcohol  with  a  brown  colour,  and  yielding 
with  aJkalis  a  violet  solution.  When  alcoholic  potash  is  carefully 
added  to  an  alcoholic  solution  of  isatin  and  silver  nitrate,  a  wine-red 
precipitate  of  silver  isatite  Ci^HgAggN^O^  is  obtained. 

On  heating  isatin  it  melts,  and  sublimes  with  partial  decomposi- 
tion. It  combines  with  the  acid  sulphites  of  the  alkali-metals, 
forming  crystalline  compounds. 

Wlien  heated  with  a  solution  of  phosphorus  in  phosphorus  tri- 
chloride, it  gives  a  green  solution,  from  which,  after  adding  water  and 
exposing  the  liquid  to  the  air,  indigotin  is  gradually  deposited,  which 
is  formed  by  the  reducing  action  of  the  phosphorus. 

Nitrous  acid  converts  it  into  nitrosalicylic  acid,  and  on  distilling 
it  with  potash  it  yields  aniline,  hydrogen  and  potassium  carbonate. 
By  passing  chlorine  into  its  hot  aqueous  solution,  it  is  converted  into 
dichlorisatin  Cj^HgCLNgO^,  crystallizing  in  orange-red  prisms,  and 
tetrachlorisatin  CigHgCl^NgO^,  which  forms  reddish  needles.  When 
these  two  compounds  are  distilled  with  potash,  they  yield  monochlor- 
and  dichloraniline,  which  compounds  were  discovered  by  this  reaction. 
Bromine  acts  on  it  in  an  analogous  manner. 

Isatindisidphanic  Acid  CigHgN20^(S03H)2  has  been  obtained  by 
oxidizing  indigotindisulphonic  acid  with  chromic  acid.  It  is  very 
soluble  in  water,  and  does  not  crystallize  well.  Its  salts  have  a  red  or 
orange  colour.  Barium  isatiiuiistdphonate  C,|,HgNj0^(S0g)2Ba  crystal- 
lizes in  bright-red  scales. 
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• 

Trioxindol  or  Isatic  Acid  Ci^Hj^NgOg. — ^^Vhen  the  violet  solution  of 
isatin  in  potash  is  heated,  it  becomes  yellow,  and,  on  evaporation, 
yellow  crystals  of  potassium  isatate  C^oS^^K^fiQ  are  deposited.  By 
decomposing  it  with  an  acid,  trioxindol  is  obtained  as  a  white 
powder,  which  is  soluble  in  water,  and  is  resolved  by  heat  into 
isatin  and  water. 

Hydro-isatin  or  IsatydeC^^^<^fi^. — This  hydrazo-compound  is 
formed  by  the  action  of  hydrochloric  acid  and  zinc,  or  ammonium 
sulphide  on  isatin.  It  is  not  soluble  in  water,  but  dissolves  in  alcohol, 
aud  forms  thin,  colourless  crystals. 

HN.CeH,.C(OH)=C.OH 

Dioxindol  CigH^^NgO^  =       |  |  is  produced  by 

HKCeH,.C(OH)=C.OH 
the  action  of  sodium-amalgam  on  an  alkaline  solution  of  isatin.     On 
evaporation  the  sodium  salt  CigHigNa^NgO^  +  4cB.fi  is  obtained  in 
silvery  crystals. 

Dioxindol  crystallizes  in  yellow  prisms ;  it  is  soluble  in  water  and 
alcohol,  and  combines  not  only  with  bases  but  forms  also  with  acids 
crystalline  compounds.  When  heated  it  melts,  and  then  decomposes, 
aniline  being  formed.  The  oxygen  of  the  air  oxidizes  it  to  isatin,  and 
on  heating  it  with  silver  oxide  it  yields  benzaldehyde. 

HN.CeH,.CH=C.OH 

Oxindol  CigHj^NgOg  =      |  |  is  farmed  by  treating 

HN.CeH,.CH=C.OH 
dioxindol  with  hydrochloric  acid  and  tin  or  sodium-amalgam.  It 
crystallizes  from  hot  water  in  colourless  needles,  melting  at  120"*.  It 
volatilizes  without  decomposition,  and  when  its  aqueous  solution  is 
exposed  to  the  air  it  absorbs  oxygen,  and  is  oxidized  to  dioxindol  and 
isatin.     It  combines  with  bases  and  with  acids. 

Indol  CigHj^Ng  has  been  obtained  by  heating  oxindol  with  zinc- 
dust,  and  synthetically  by  fusing  metanitrocinnamic  acid  with  caustic 
potash  and  iron-filings  : — 

02N.CeH,.CH=  CRCO^H      HN.CeH,.CH=CH 

=      I  I      +200^  +  20, 

02N.CeH,.CH=  CH.CO^H      HN.CeH^  CH=CH 

Indol  is  also  one  of  the  products  of  the  pancreatic  digestion,  and 
the  indican  sometimes  occuring  in  urine  is  derived  from  this  source ; 
this  is  shown  by  the  fact  that  after  the  subcutaneous  injection  of 
indol,  a  considerable  quantity  of  indican  constantly  appears  in  the 
urine. 

Indol  is  a  weak  base  crystallizing  from  hot  water  in  large  colour- 
less plates,  melting  at  52**,  and  possessing  a  disagreeable  odour,  which 
it  imparts  to  the  faeces.  It  readily  volatilizes  with  steam,  and  can 
be  distilled  without  decomposition.  When  veiy  dilute  red  fuming 
nitric  acid  is  added  to  its  aqueous  solution,  a  red  crystalline  precipitate 
is  formed,  which  by  boiling  with  the  water,  is  reconverted  into  indol. 
A  diiferent  compound,  crystallizing  in  long  red  needles,  is  obtained 
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by  passing  nitrogen  trioxide  into  its  alcoholic  solution.  When  pine- 
wood  is  steeped  in  an  alcoholic  solution  of  indol,  containing  hydro- 
chloric acid,  the  wood  assumes  a  cheny-red  colour,  which  soon 
changes  into  a  brownish-red. 


NAPHTHALENE-GEOUP. 

NAPHTHALENE  Cj^g. 

This  hydrocarbon  is  formed  by  the  destructive  distillation  of  many 
carbon-compounds,  a  larger  yield  being  obtained  when  the  products 
are  exposed  to  a  red  heat.  It  is,  therefore,  found  in  quantity  in  coal 
and  wood-tar.  But  even  substances  which  are  comparatively  rich  in 
hydrogen  as  alcohol,  ether,  acetic  acid,  &c.,  yield  some  naphthalene, 
when  their  vapour  is  passed  through  a  red-hot  tube. 

It  occurs  also  in  "  Rangoon  tar,"  or  the  petroleum  from  Burmah, 
and  has  been  produced  synthetically  by  passing  the  vapour  of  phenyl- 
butene  dibromide  (page  (402),  through  a  red-hot  tube ; — 

CeH^.C^HyBrjj  -  CeH^.C,H^  +  2HBr  +  H, 

Naphthalene  is  obtained  from  the  portion  of  coal-tar  boiling  between 
180*'  to  220"*  from  which,  on  cooling,  crude  naphthalene  crystallizes 
out,  which  is  purified  by  pressing  it  to  remove  oily  substances,  and 
then  submitting  it  to  sublimation  or  crystallization  from  alcohol. 

Naphthalene  crystallizes  in  large,  transparent,  brilliant  plates, 
melting  at  80°,  and  possessing  a  faint,  peculiar  odour  and  a  burning 
taste.  It  boils  at  217°,  but  sublimes  readily  at  a  much  lower  tempera- 
ture. On  mixing  hot  alcoholic  solutions  of  naphthalene  and  picric  acid, 
the  compound  Ci^Hg  +  C^H2(N02)30H  crystallizes  on  cooling  in 
golden-yellow  needles,  which  are  grouped  in  stars.  This  compound 
is  not  decomposed  by  re-crystallization  from  alcohol  or  benzene,  but 
ammonia  resolves  it  into  its  constitutents. 

When  naphthalene  is  boiled  with  dilute  nitric  acid,  it  is  oxidized 
to  phthalic  acid  and  oxalic  acid. 

In  its  chemical  character,  naphthalene  bears  a  great  resemblance  to 
benzene,  and  its  constitution  is  best  explained  by  the  following 
graphical  formula : — 

II       H 

H— C        C        0— H 

J         "         J 
II— C        C        C— H 

/\ 
C       C 


u     u 
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Naphthalene,  therefore,  would  consist  of  two  aromatic  nuclei, 
which  have  two  atoms  of  carbon  in  common.  The  correctness  of 
this  hjrpothesis  has  been  proved  in  the  following  way  : — 

When  naphthalene  is  oxidized,  phthalic  acid  G^JiCO^)^  is 
formed;  this  acid  can  be  obtained  in  two  diflferent  ways  from 
naphthalene ;  viz.,  either  by  destroying  the  one  or  the  other  aromatic 
nucleus.  Such  an  experiment  cannot,  of  course,  be  made  with 
naphthalene  itself,  because  we  have  no  means  of  distinguishing 
between  the  two  groups.  It  appears,  therefore,  necessary,  first,  to 
replace  hydrogen  in  one  of  the  nuclei,  and  then  find  out,  which  is 
attacked  and  which  not. 

On  oxidizing  dichloronaphthaquinone,  Cj^H^CLO^,  phthalic  acid, 
is  formed,  a  fact  proving  that  in  the  quinone  all  the  oxygen  and 
chlorine  are  combined  with  those  four  atoms  of  carbon  which  are 
oxidized,  the  formula  of  dichloronaphthaquinone  being,  therefore, 
C^^,Qfi\0'\.  By  acting  w4th  phosphorus  pentachloride  on  this 
compound,  the  dyad  group,  0'\,  is  replaced  by  chlorine,  and  at  the 
same  time  one  atom  of  hydrogen  is  substituted,  pentachloronaphtha- 
lene  being  formed  :— 

CioH.CljO/  +  2PC1,  =  CioHjClg  +  HCl  +  2POCI3 

Now,  if  by  the  oxidation  of  this  compound  the  same  carbon-atoms 
were  attacked  as  in  the  quinone,  monochlorophthalic  acid  would  be 
formed,  but  the  product  was  found  to  be  tetrachlorophthalic  €w;id, 
which  proves  that  the  second  aromatic  nucleus  has  now  been 
destroyed,  and  that  naphthalene  has  really  the  constitution  assigned 
to  it.     This  will  be  clearly  seen  by  the  following  formulsB  : — 

Naphthalene. 
Dichloronaphthaquinone.  Ptntachloronaphthalene. 

\jJll^,\j^\j^\^^  C^HjC1.02.C^G1^ 

Phthalic  Acid.  Tetrachlorophthalic  Acid. 

c,H,.C2(C02H),  (co,H),c^e,a, 

Whilst  among  the  mono-substituted  benzenes  no  isomeric  forms 
occur,  we  find  that  the  monosubstitution-products  of  naphthalene  can 
exist  in  two  isomeric  modifications.  This  can  also  be  easily  explained 
from  the  constitution  of  this  hydrocarbon.  By  representing  it  by 
two  hexagons  and  numbering  the  corners, 


we  find  that   each  of   the    carbon-atoms  occupying  the  positions 
1,  8,  6,  and  8,  is  combined  with  one  other  (2  or  7)  in  which  all  the 
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combining  units  are  saturated  with  carbon,  whilst  the  atoms  4,  5,  9 
and  10,  are  combined  with  carbon-atoms  to  which  hydrogen  is 
attached.  The  functions  of  the  atoms  1,  3,  6  and  8  will,  therefore, 
differ  from  those  of  the  four  latter. 

Naphthalene  forms  additive  compounds  much  more  readily  than 
benzene. 


HYDBONAPHTHALENES. 

Dihydronaphthalene,  or  Naphthydrene  CioH^q. — When  naphthalene 
is  heated  with  potassium  a  black  compound  is  formed,  having  pro- 
bably the  composition  CipHoKg,  inasmuch  as  water  decomposes  it 
into  caustic  potash  and  dihydronaphthalene.  The  same  hydrocarbon 
is  produced  when  naphthalene  is  heated  with  20  parts  of  concentrated 
hydriodic  acid  to  280°.  It  is  a  colourless,  oily  liquid,  boiling  at  210° 
and  possessing  a  penetrating  smell. 

Tetrahydronaphthaltne  Cj^Hig  is  obtained  by  heating  10  parts  of 
naphthalene  with  3  parts  of  amorphous  phosphorus  and  9  parts  of 
hydriodic  acid  to  250°.  It  is  a  liquid,  boiling  at  205°,  and  possesses 
a  peculiar,  but  not  strong  odour. 

Both  hydrides  are  resolved  into  naphthalene  and  hydrogen,  when 
their  vapour  is  passed  through  a  red-hot  tube.- 


NAPHTHALENE  CHLOKIDES. 

Naphthalene  Dichlaride  CiQHgClj. — When  chlorine  is  passed  over 
naphthalene,  it  melts  and  absorbs  the  chlorine  completely,  the  first 
product  being  naphthalene  dichloride,  a  heavy,  pale-yellow  oil,  which 
by  repeated  distillation,  or  by  the  action  of  alcoholic  potash,  is  resolved 
into  hydrochloric  acid,  and  monochloronaphthalene. 

Naphthalene  Tetrachloride  G^^^Q\  is  produced  by  the  continued 
action  of  chlorine  on  the  dichloride,  and  is  a  solid,  crystallizing  from 
chloroform  in  transparent  rhombic  plates,  melting  at  182°. 

Dichlimmaphthydrene  Glycol  CioHgCl2(OH)2  is  obtained  by- heating 
the  tetrachloride  with  30  parts  of  water  to  190°.  It  is  soluble  in 
water,  and  crystallizes  from  ether  in  large,  hard  prisms.  By  heat- 
ing it  with  acetyl  chloride  it  is  converted  into  the  diacetate 
C^QliQCl2{0CJS.fi)^  crystallizing  from  ether  in  hard,  short  prisms, 
melting  at  130°. 

fCl 
Naphthalene  Dichlorhydrate  G^QH^-i  /qtt\   is  obtained  by  dissolving 

naphthalene  in  concentrated  hypochlorous  acid,  and  forms  pale-yellow 
prisms.  Alcoholic  potash  converts  it  into  naphthene  alcohol,  or 
naphthalene  tetrcthydroxide  CioIl8(^^4)»  crystallizing  from  alcohol  in 
colourless  prisms. 
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SUBSTITUTED   NAPHTHALENES. 

MonocMoTonaphthalene  Cj^HyCl  is  conveniently  prepared  by  boiling 
naphthalene  dichloride  with  alcoholic  potash.  It  is  a  thiii^  colour- 
less, strongly  refractive  liquid,  boiling  at  251**,  and  smelling  like 
naphthalene. 

a  DicMoronaplUhalene  C^^qG\  is  produced  by  the  action  of  caustic' 
potash  on  naphthalene  tetrachloride.  It  is  a  crystalline  mass,  melting 
at  36°,  and  boiling  at  281°. 

)8  DicJUrnvnaphthalcTie  is  obtained,  together  with  its  isomeride  as  a 
bye-product  in  the  preparation  of  the  tetrachloride,  and  crystallizes  in 
glistening,  brittle  prisms,  melting  at  68°,  and  boiling  at  282^ 

The  ditferent  chloronaphthalenes  combine  like  naphthalene  with 
chlorine,  whilst  the  naphthalene  chlorides  yield  products  of  substitu- 
tion by  the  further  action  of  chlorine.  By  decomposing  these 
different  additive  products  with  alcoholic  potash,  higher  chlorinated, 
naphthalenes  are  obtained,  which  are  all  crystalline  solids,  and  exist 
in  different  isomeric  forms. 

Pcrchloronapkthalene  G^qC\  is  the  final  product  of  this  reaction, 
and  forms  brilliant  rhombic  crystals,  melting  at  135°,  and  boilinc' 
at  403°.  "" 

3Ionoh'onwnapJUh(dene  C^qEL^Bt, — Bromine  does  not  combine  with 
naphthalene,  but  forms  substitution-products,  the  first  being  mono- 
bromonaphthalene,  a  colourless  liquid  boiling  at  277°. 

Dih'omonajphthalene  G^q&^t^  crystallizes  in  long  silky  needles, 
melting  at  81°. 

The  higher  brominated  naphthalenes  are  also  crystalline  solids. 

Moniodonaphthalene  Ci^Hyl  is  formed  by  the  action  of  iodine  on 
mercury-dinaphthyl ;  it  is  a  thick,  colourless  liquid,  boiling  above  300°. 

Mo7ionitronaphthalene  Ci^H^.NOg  is  best  prepared  by  dissolving 
naphthalene  in  glacial  acetic  acid,  and  boiling  the  solution  with  com- 
mon nitric  acid  for  half  an  hour.  It  crystallizes  from  alcohol  in  pale- 
yellow  prisms,  melting  at  61°,  and  subliming  when  carefully  heated. 

a  J)i7iitro7iaphthale7ie  CiQHg(N02)2  is  formed,  together  with  the 
following  compound,  by  boiling  naphthalene  with  concentrated  nitric 
acid  until  the  oily  layer  has  completely  disappeared.  It  is  sparingly 
soluble  in  glacial  acetic  acid,  and  forms  colourless  prisms,  melting 
at  211°. 

/S  Binitranaphthalene  is  more  freely  soluble  in  acetic  acid,  and 
crystallizes  in  brilliant,  yellow,  rhombic  plates,  melting  at  170^ 

Both  compounds  are  not  volatile,  but  deflagrate  on  heating. 

a  Trinitronaphthalcnc  G-^^^O^O^^  is  formed  by  boiling,  a  dinitro- 
naphthalene  with  red  fuming  nitric  acid.  It  crystallizes  from  chloro- 
form in  large  monoclinic  plates,  melting  at  122°,  and  detonating  when 
more  strongly  heated. 

)8  Trinitronaphthalcne  is  formed  by  adding  concentrated  sulphuric 
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acid  to  a  mixture  of  ^  dinitronaphthalene,  and  fuming  nitric  acid. 
It  forms  fine  crystals,  melting  at  213°. 

7  THnitronaphthalene  has  been  obtained  by  heating  a  dinitro- 
naphthalene with  a  mixture  of  sulphuric  and  nitric  acids.  It  crystal- 
lizes from  nitric  acid  in  brilliant,  pale-yellow  plates,  melting  at  147°. 

a  Tetranitronaphthalene  CiQlIJ^ifO^)^  is  produced  by  the  continued 
action  of  nitric  acid  on  the  a  nitro-compounds.  It  crystallizes  from 
chloroform  in  light-yellow,  hard,  rhombic  prisms,  melting  at  259°. 

fi  Tetranitronapkthalene  is  obtained  in  the  same  way  from  the  /8 
compounds,  and  forms  thin  needles,  melting  at  200°. 

AmidonaphthaUne,  or  NapJUhylamdne  Ci^Hy.NHj,  is  prepared  from 
nitronaphthalene  by  the  same  reactions  by  which  nitrobenzene  is 
converted  into  aniline.  It  crystallizes  in  colourless  needles,  melting 
at  50°,  and  possessing  a  disagreeable  odour  like  indol.  It  boils  at 
300°,  and  is  almost  insoluble  in  water,  but  dissolves  freely  in  alcohol. 
Its  salts  crystallize  well,  and  by  acting  with  an  oxidizing  agent  on 
their  solution,  a  blue  precipitate  is  formed,  which  soon  changes  into  a 
purple  powder  of  oxy-amidonaphthalene  01^1170(1^112). 

NaplUhyl'phenylamine,  or  Phenyl-amidonaphthalene  NH  -!  ^%r  '^,  is 

formed  by  heating  aniline  and  amidonaphthalene  hydrochloride  to 
280°  for  36  hours  :— 

O10H7.NH2.CIH  +  OeHg.NHj  =  NH^Cl  +  NH  |  gi^^ 

It  forms  small  crystals,  melting  at  60°,  and  boiling  at  315° ;  its  solu- 
tion exhibits  dichroism. 

a  Di-amidonaphthalene,  or  Naphthidine  C^^^(SY{^^,  is  obtained  by 
the  action  of  reducing  agents  on  a  dinitronaphthalene,  and  forms 
brilliant  prisms,  melting  at  175°  Its  sulphate  and  hydrochloride  are 
but  sparingly  soluble  in  water. 

)8  Dinitronaphthalene  forms  an  isomeric  compound. 

{P  XT 
p^^TT^  -o-TT  is  produced  by  adding  potas- 
sium nitrite  to  a  solution  of  amidonaphthalene  hydrochloride.  It 
crystallizes  in  orange  needles,  having  a  beetle-green  lustre,  and  forms 
salts,  having  an  intensely  violet  colour,  but  which  are  very  unstable, 
being  decomposed  by  water.  On  silk  it  dyes  a  fine  orange  shade,  which 
on  dipping  it  in  hydrochloric  acid  becomes  purple,  and  on  washing  with 
water  again  yellow. 

/•  p      XT 

Azodinaphthyl-redli^X  ^^^^  .^^.^  H  "i  ^   obtained  by   heating 

amidoazonaphthalene  with  amidonaphthalene.  The  free  base  is 
hardly  known.  The  hydrochloride  is  used  for  dyeing  silk,  and  found 
in  commerce  imder  the  name  "  Magdala-red."  It  dissolves  in  alcohol 
with  a-deep  red  colour,  and  crystallizes  in  needles,  having  a  beetle- 
green   lustre.      Its  dilute  solution  exhibits   a  splendid  bright-red 

C  F  F 
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fluorescence.  The  salts  of  this  base  are  not  decomposed  bj  alkalis, 
but  only  by  long  digestion  with  water  and  silver-oxide. 

NaplUhdeiiemlphonic  Acid  CjQH^.SOgH  exists  in  two  isomeric 
forms,  which  are  produced  by  dissolving  naphthalene  in  hot,  strong 
sulphuric  acid.  To  separate  them  the  dilute  boiling  solution  is 
neutralized  with  lead  carbonate ;  on  cooling,  the  lead  salt  of  the  /9 
acid  crystallizes  in  thick  scales,  and  by  evaporating  the  mother-liquor 
the  salt  of  the  a  acid  is  obtained  in  large  thin  plates.  Both  scdts  are 
purified  by  crystallization,  and  decomposed  by  hydrogen  sulphide. 

a  NajyhtJialenemUphonic  Acid  is  a  crystalline,  deliquescent  mass, 
which,  when  heated  with  dilute  hydrochloric  acid  to  200**,  is  resolved 
into  naphthalene  and  sulphuric  acid  : — 

C10H7.SO3H  +  H^O  =  CieHg  +  SO,H, 

/3  Naphthalenesvlphonic  Acid  is  a  soft,  laminated,  crystalline  mass, 
which  is  not  deliquescent  and  hardly  changed  by  hydrochloric  acid 
at  200^  Its  salt«  are  less  soluble  in  water  than  those  of  the  a  acid, 
and  more  stable  at  a  high  temperature. 


OXYNAPHTHALENES. 

Monoxt/naphthalene,  or  Naphthol  Ci^HyOH. — The  phenol  of  naphth- 
alene exists  in  two  isomeric  modifications,  which  are  'obtained  by 
fusing  the  sulphonic  acids  with  potash. 

a  Naphthol  crystallizes  from  hot  water  in  silky  monoclinic  needles, 
melting  at  94**,  and  boiling  at  280°,  but  subliming  at  a  much  lower 
temperature.  It  has  a  burning  taste  and  a  faint  smell,  resembling 
that  of  common  phenoL  Its  dust  attacks  the  mucous  membranes, 
and  produces  violent  sneezing.  By  adding  a  solution  of  bleaching- 
powder  or  ferric  chloride  to  its  aqueous  solution,  it  assunies  a  deep- 
violet  colour, .and  soon  a  flocculent,  violet  precipitate  makes  its 
appearance. 

)8  Naphthol  forms  small,  brilliant  needles,  melting  at  122**,  boiling 
at  290°,  and  subliming  when  gently  heated  without  previously 
melting.  It  has  a  burning  taste,  but  hardly  any  smell;  its  dust 
produces  sneezing.  With  bleaching-powder  or  ferric  chloride  it  does 
not  yield  a  violet  colouration. 

Both  naphthols  readily  form  metallic  compounds,  like  other 
phenols. 

PHI 
a  NajyhfJiyl-ethyl  Ether  ^?t  ^  !■  O  is  obtained  by  acting  with  ethyl 

iodide  on  an  alcoholic  solution  of  potassium  a  naphthate.     It  is  a 
colourless  liquid,  boiling  at  280°,  and  possessing  a  peculiar  smell. 

)8  Naphthyl-ethyl  Ether  is  produced  by  the  same  reaction  firom  /8 
naphthol,  and  forms  a  crystalline  mass,  melting  at  33^  and  ATnf»>lliT>g 
like  pine-apple. 
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Monochloronaphihol  CjoHgCLOH  has  been  obtained  by  distilling 
dichloronaphthydrene  glycol  with  hydrochloric  acid,  It  forms  long, 
thin,  and  exceedingly  fine  needles,  melting  at  109°,  and  emitting  the 
odour  of  phenol.  On  dissolving  it  at  a  gentle  heat  in  a  little  sulphuric 
acid,  and  adding  a  crystal  of  oxalic  acid,  a  violet  colour  is  produced. 
The  production  of  this  phenol  may  be  explained  by  assuming  that  a 
chlorhydrate  is  formed  as  an  intermediate  product,  which  readily 
loses  hydrochloric  acid,  just  as  naphthalene  tetrachloride  yields  by  diy 
distillation  dichloronaphthalene : — 

^io^8C^2  \  OH  ~  Ci^HgCLOH  +  2HC1 

MononitronapMhol  C^^^iJSO^OlS.. — ^When  amidonaphthalene  is 
boiled  with  glacial  acetic  acid,  it  yields  acetyl-amidonaphthalene, 
which  by  adding  fuming  nitric  acid  to  its  solution  in  acetic  acid  is 
converted  into  the  mononitro-compound.  By  boiling  this  body  with 
concentrated  soda,  it  yields  the  sodium  compound  of  mononitro- 
naphthol : — 

CioHe(NO^N  {  c  H  0  +  ^^^^^  =  C^oHeCNO^OH  + 

CjHjNaOj  +  NH3 

It  crystallizes  from  boiling  water  in  golden-yellow  needles,  melting 
at  164"*,  and  forms  salts  having  an  orange  or  red  colour.  The  same 
compound  is  formed,  but  only  in  a  small  quantity,  by  the  continued 
action  of  potash-lime  on  nitronaphthalene  in  presence  of  air. 

a  Dinitronapkthol  G^^^^EO^jdlS.  is  obtained  on  the  large  scale  by 
adding  sodium  nitrite  to  a  solution  of  amidonaphthalene  and  hydro- 
chloric acid,  and  boiling  the  diazonaphthalene  chloride  thus  formed 
with  nitric  acid.  It  is  also  produced  by  gently  heating  a  solution  of 
a  naphtholsulphonic  acid  with  nitric  acid. 

a  Dinitronaphthol  crystallizes  from  alcohol  in  lemon-yellow  needles, 
melting  at  138**,  and  has  pronounced  acid  properties,  decomposing 
carbonates,  and  forming  salts  having  a  yellow  or  orange  colour.  The 
sodium  and  calcium  salts  are  used  for  dyeing  wool  yellow,  and  known 
by  the  name  "  naphthalin-yellow." 

)8  DinitronapJUhol. — Pure /8  naphthol  is  not  nitrated  by  nitric  acid, 
but  by  heating  its  alcoholic  solution  with  nitric  acid  the  dinitro- 
compound  is  formed.  It  crystallizes  in  brilliant,  pale-yellow  needles, 
melting  at  195°,  and  forms  salts  having  a  yellow  or  orange  colour. 

JDioocynaphthakne  CioHg(OH)2. — To  prepare  this  body,  naphthalene 
is  heated  for  some  time  with  sulphuric  acid,  in  order  to  convert  it  into 
naphthalenedisulphonic  acid,  which  is  fused  with  potash.  Dioxy- 
naphthalene  is  sparingly  soluble  in  water,  and  freely  in  alcohol,  and 
crystallizes  in  needles,  which  sublime  on  heating.  Its  solution  exhibits 
a  bluish-green  fluorescence. 

Naphthoquinone  C^^Hfi^  is  formed  by  treating  a  solution  of 
naphthalene  in  waim  glacial  acetic  acid,  with  a  solution  of  chromic 

F  F  2 
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trioxide  in  the  same  solvent.  It  readily  sublimes  in  bright-yellow 
crystals,  melting  at  125**,  and  is  volatile  in  the  vapour  of  water 
at  100*",  communicating  to  it  a  pungent  odour,  resembling  that  of 
ordinary  quinone. 

Naphthohydroquin4>nc  C^Jt{^{OTi)^  is  prepared  by  boiling  the  quinone 
with  strong  hydriodic  acid  and  amorphous  phosphorus;  on  coolings 
the  hydroqiiinone  is  deposited  in  long  colourless  needles,  melting  at 
176^  Oxidizing  agents  reconvert  it  into  the  quinone.  It  differs 
from  the  isomeric  dioxynaphthalene  by  being  more  readily  soluble  in 
water. 

Naphthoquinhydroiie  Cj^llg  -J  o  o  C^^H*  OH* — This  body  is  obtained 

by  boiling  an  aqueous  solution  of  napthohydroquinone  with  naphtho- 
quinone, or  by  boiling  the  latter  with  weak  hydriodic  acid,  and 
amorphous  phosphorus  ;  it  forms  dark-purple  crystals. 

IHchloroTiaplUhoquinone  C^jH^ClgOs  is  produced  by  the  action  of 
potassium  chlorate  and  hydrochloric  acid  on  a  dinitronaphthoL  It 
crystallizes  from  hot  alcohol  in  yellow  needles. 

Dichloronaphthohj/droqiiinone  CgH^CL(OH)«  is  obtained  by  boiling 
the  preceding  compounds  with  hydriodic  acid  and  phosphorus,  and 
crystallizes  in  colourless  prisms. 

Oxi/chloronaphthoqtniwne,  or  Chloroxynaphthalic  Add  Cj^jH^(OH) 
ClOg,  is  formed  by  treating  chloronaphthalene  dichloride  with  nitric 
acid ;  it  forms  yellow  crystals,  melting  above  200^  and  forms  salts 
having  a  yellow  or  red  colour.  By  dissolving  dichloronaphthoquinone 
in  hot  soda-solution  a  crimson  liquid  is  obtained,  containing  the 
sodium-salt : — 

CioH.ClgOs  +  2NaOH  =  CioH,(ONa)C10,«  +  NaCl  +  H,0 

Dwxynaphthoqmnone,  or  Naphthazarin  C^^JiO}i)jd^ — This  com- 
pound is  prepared  by  heating  sulphuric  acid  to  200*,  and  adding  one- 
tenth  of  its  weight  of  a  dinitronaphthalene,  and  then  gradually  zinc. 
After  cooling  the  solution  is  diluted  with  10  parts  of  water,  boiled 
and  filtered.  The  gelatinous  mass  which  separates  out  on  cooling  is 
crystallized  from  alcohol,  and  thus  the  compound  is  obtained  in  brown 
needles  having  a  green  lustre.  On  heating  it  sublimes  in  feathery 
tufts  with  a  brilliant  beetle-green  reflection.  In  alkalis  it  dissolves 
with  a  beautiful  blue  colour;  this  solution  yields  blue  precipitates 
with  the  salts  of  barium,  calcium,  and  lead ;  alum  produces  a  red  lake 
and  ferric  salts  a  bluish-grey  precipitate.  Eed-hot  zinc-dust  reduces 
it  to  naphthalene,  and  when  sodium-amalgam  is  added  to  its  aqueous 
solution  it  becomes  colourless,  showing  that  this  body  is  a  quinone, 
whilst  its  metallic  compounds  prove  that  it  is  also  a  phenol. 

Naphthylpurpuric  Acid  CuH^NgO^. — By  acting  with  potassium 
cyanide  on  an  alcoholic  solution  of  a  dinitronaphthol  a  deep-red 
solution  containing  the  potassium  salt  of  this  acid  is  obtained.  The 
free  acid  has  not  yet  been  obtained,  but  a  series  of  salts  has  been 
prepared,  resembling  the  isopurpurates,  but  crystallizing  not  so  well 
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(see  page  336).     On  fusing  them  with  potash,  they  yield  hemimellitic 
acid  C,H3(C0,H),. 

Indcphane  CgjHj^jN^O^  is  produced  together  with  naphthylpurpuric 
acid  by  adding  a  hot  concentrated  solution  of  potassium  cyanide  to  a 
solution  of  a  dinitronaphthol  in  ammonia.  A  violet  precipitate,  having 
a  brilliant  beetle-green  lustre,  is  obtained,  and  purified  by  washing  it 
with  hydrochloric  acid ;  this  compound  is  only  soluble  in  acetic  acid 
and  sulphuric  acid,  forming  a  beautifully  coloured  solution.  The 
potassium  salt  CjjHgKN^O^  is  produced  by  heating  indophane  with 
solution  of  potash  as  a  blue  powder  having  a  copper-red  lustre. 


MERCURY-DIN  APHTHYL 


Her  /  ^10^7 


This  compound  is  formed  by  boiling  a  solution  of  bromonaphthalene 
in  benzene  with  sodium-amalgam.  It  crystallizes  in  colourless  prisms, 
melting  at  243°.  Hydrochloric  acid  resolves  it  into  mercuric  chloride 
and  naphthalene. 


METHYL-NAPHTHALENE   Cj^jH^.CHj. 

This  hydrocarbon  is  produced,  but  not  readily,  by  action  of  sodium 
on  a  mixture  of  bromonaphthalene  and  methyl  iodide.  It  is  a  limpid 
liquid  boiling  at  232^,  and  not  solidifying  even  at  —  18"*. 

Ethi/l-naphthaleTie  Ci^Hy.CjH,  is  a  similar  liquid,  boiling  at  252**. 

Menaphthylamine  C1JH7.CH2.NH2. — ThiS  powerful  base  is  obtained 
by  converting  a  cyanonaphthalene  by  means  of  hydrogen  sulphide  into 
menajpkthothiamide  C10H7.CS.NH.,  and  treating  an  alcoholic  solution 
of  this  compound  with  zinc  and  hydrochloric  acid. 

Menaphthylamine  is  a  very  caustic  liquid,  boiling  at  290**;  it 
readily  absorbs  carbon  dioxide  and  forms,  with  acids,  salts  crystal- 
lizing very  readily. 


ACENAPHTHENE,  OR  ETHENE-NAPHTHALENE   CioH^.CjH^. 

This  compound  exists  in  coal-tar,  and  is  deposited  in  crystals  by 
leaving  the  portion  boiling  at  265**  to  280^  to  stand  in  a  cold  place. 
It  crystallizes  from  hot  alcohol  in  long  needles,  melting  at  95^  and 
boiling  at  268"*.  By  boiling  it  with  dilute  sulphuric  acid  and 
potassium  dichromate,  it  is  oxidized  to  bibasic  naphthalie  add 
Ci<,Hg(C02H)2,  which  sublimes  in  long  serrated  plates,  melting  at 
266**;  by  heating  it  for  some  time  to  140**  to  150^  it  is  converted 
into  the  anhydride  CiQTl^{GO)fi,  and  by  distilling  the  calcium  salt 
with  slaked  lime,  pure  naphthalene  is  obtained.    Acenaphthene  has 
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also  been  produced  synthetically  by  passing  ethyl-naphthalene 
through  a  red-hot  tube  : — 

C,oTVCH2-CH3  =  C,oH/  I     '  +  H^ 

The  two  side-chains  are  probably  linked  to  two  adjoining  carbon- 
atoms  of  the  naphthalene-nucleus,  because  naphthalic  acid  has  so 
great  a  resemblance  to  phthalic  acid. 

CH 

Ethine-naphthalene  Cj^Hg/^  ||     is  obtained  by  passing  the  vapour  of 

acenaphthene  over  heated  lead  oxide.  It  crystallizes  from  alcohol  in 
large,  lustrous,  golden-yellow  plates,  melting  at  93**.  On  oxidation  it 
yields  naphthalic  acid. 


NAPHTHONITiaLES. 

a  Napthonitrile  C^oHy.CN  is  formed  by  distilling  a  mixture  of 
potassium  cyanide  and  potassium,  a  naphthalenesulphonate.  It  has 
also  been  prepared  by  heating  amidonaphthalene  oxalate,  whereby 
it  is  resolved  into  water,  carbon  dioxide,  and  naphthyl-formamide 
Ci^jHyN(COH)H,  which,  when  heated  with  concentrated  hydrochloric 
acid,  loses  water,  and  is  converted  into  the  nitrile. 

It  crystallizes  from  petroleum-naphtha  in  broad  silky  needles, 
melting  at  37°*5,  and  boiling  at  298°. 

yS  Naphthonitrile  is  obtained  from  /S  naphthalenesulphonic  acid, 
and  forms  crystalline  scales,  melting  at  66°'5,  and  boiling  at  305**. 


N\PHTHALENECARBONIC  ACIDS. 

By  heating  the  nitriles  with  alcoholic  potash  the  corresponding 
acids  are  formed. 

a  Naphthoic  Acidy  or  Naphihyl-formic  Add  CiQHy.CO^H,  is  sparingly 
soluble  in  boiling  water,  and  freely  in  hot  alcohol.  It  crystallizes  in 
needles,  melting  at  160*. 

/S  Naphthoic  Acid  crystallizes  in  needles,  melting  at  182* ;  its  salts 
are  less  soluble  than  the  a  naphthoates.  By  distilling  a  mixture 
of  calcium  /8  naphthoate,  and  formate,  some  naphthalene  is  formed 
and  /8  naphthoic  aldehyde,  crystallizing  from  boiling-water  in  thin 
glistening  plates,  melting  at  59'''5. 

Both  acids  are,  when  heated  with  bar}rta,  resolved  into  carbon 
dioxide  and  naphthalene.    A  mixture  of  them  is  prepared  on  the 
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large  scale,  and  used  in  the  place  of  benzoic  acid  in  the  manufacture 
of  aniline-blue. 

a  OxynapMhoic  Add  Ci^Hg(0H)C02H  is  formed  by  action  with 
sodium  and  carbon  dioxide  on  a  naphthol.  It  is  sparingly  soluble 
in  water,  and  crystallizes  in  needles  which  are  grouped  in  stars, 
and  melt  at  186^  Its  solution  is  coloured  pure-blue  by  ferric 
chloride. 

)8  OxynapMhoic  Acid  is  not  so  readily  formed ;  it  crystallizes  like 
the  a  acid,  and  gives  with  ferric  chloride  a  blackish-violet  colour. 

Naphthcdene-hicarbonic  Acids  ^i^JiOO^)^ — The  nitriles  of  these 
acids,  which  are  isomeric  with  naphthalic  acid  (page  437),  are  pro- 
duced by  distilling  the  potassium  salts  of  the  different  modifications 
of  naphthalene-bromosulphonic,  and  disulphonic  acids  with  potassium 
cyanide.  The  nitrile  from  bromonaphthalenesulphonic  acid  yields  a 
naphthalene-bicarbonic  acid,  which  is  almost.insoluble  in  water,  and 
crystallizes  in  microscopic  needles,  melting  at  240**. 

The  other  modifications  have  been  but  little  studied. 


NAPHTHYL-PHENTL-METHANE    CHj 


1  CioHy 


This  hydrocarbon  has  been  prepared  by  heating  a  mixture  of 
benzyl  chloride  and  naphthedene  with  zinc ;  it  forms  brilliant  needles, 
melting  at  64°. 

f  C  H 

a  NapJUhyUphmyl  Ketone  CO  i  n*  rf  ^  produced  by  heating  a 

mixture  of  benzene,  a  naphthoic  acid,  and  phosphorus  pentoxide.  It 
crystallizes  in  short  prisms,  melting  at  75®'5. 

fi  NapMhyl-phenyl  Ketone  has  been  obtained  by  the  same  reaction 
from  13  naphthoic  acid.  It  forms  tufts  of  white  needles,  melting 
at  82". 

A  mixture  of  these  two  ketones  is  also  formed  by  heating 
naphthalene  with  benzoic  acid  and  phosphorus  pentoxide. 


DINAPHTHYLS  Cj^^Hi^. 

Linaphthyl  is  obtained  by  the  action  of  sodium  on  bromonaphtha- 
lene,  and  together  with  phthalic  acid  by  oxidizing  naphthalene  with 
manganese  dioxide  and  dilute  sulphuric  acid.  It  crystallizes  in  pearly 
scales,  melting  at  154^ 

Isodinap/UhyL — This  isomeride  is  produced  together  with  hydrogen, 
by  passing  naphthalene  repeatedly  through  a  red-hot  tube.  It  forms 
brilliant  plates,  melting  at  200^  and  boiling  above  300"* ;  its  alcoholic 
solution  exhibits  a  fine  blue  fluorescence. 


lOlC 
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{C   H 
Q^^ll  is  obtained  by  heating  a  naphtlioi 

acid  with  naphthalene  and  phospliorus  pentoxide.  It  crystallizes 
from  boiling  alcohol  in  pointed  needles,  and  from  a  mixture  of  ether 
and  alcohol  in  thick  prisms,  melting  at  135**. 

fi  Dinaphthyl  Ketone  forms  small  needles  melting  at  IBS'* ;  it  is 
much  less  soluble  in  alcohol  than  the  a  compound. 


PHENANTHEENE-GEOUP. 


PHENANTURENE    C^^iq 


Exists  in  coal-tar,  from  which  it  is  obtained  by  boiling  the  portion 
between  320°  to  360°  with  alcohol.  The  cold  solution  is  filtered, 
the  alcohol  distilled  off,  and  the  residue  subjected  to  the  same 
treatment  until  the  hydrocarbon  melts  at  about  100°.  It  is  purified 
by  converting  it  into  the  picric  acid  compound,  which  is  recrystal- 
lized  from  hot  alcohol  and  decomposed  with  ammonia, 

Phenanthrene  forms  rather  large  plates,  exhibiting  a  faint  blue 
fluorescence.  It  melts  at  100°,  and  begins  to  sublime,  but  boils  only 
at  340'';  it  is  readily  soluble  in  alcohol,  ether,  acetic  acid,  and 
benzene. 

Phenanthrene  has  been  obtained  synthetically  together  with  toluene 
by  passing  stilbene  through  a  red-hot  tube  : — 

(1)  II      =1  II      +  H, 
CgHj.CH      CgH^ — CH 

CjHj.CH 

(2)  II      +  2Hj  =  2C,H,.GH, 
C.Hj.CH 

This  8}mthesis,  as  well  as  the  whole  chemical  character  of  phe- 
nanthrene, shows  that  its  stands  in  the  same  relation  to  naphthalene 
as  the  latter  to  benzene,  and  its  constitution  may  therefore  be  expressed 
by  the  following  graphical  formula : — 

HC=CH   HC=CH 

/'   \   /   \ 
HC     C— C     C 

\   /   \.   / 
HC— C     C— CH 

\   / 
HC=CH 
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When  phenanthrene  and  picric  acid  are  dissolved  in  hot  alcohol, 
the  compound  Cj^H^^,  4-  CgH2(N02)30H  crystallizes  on  cooling  in 
long  golden-yellow  prisms,  melting  at  145°. 

TetrahydropJienanthrenc  Ci^Hj^  is  obtained  by  heating  phenanthrene 
with  concentrated  hydriodic  acid,  and  amorphous  phosphorus  to 
240°.  It  is  a  liquid,  having  a  faint  but  peculiar  smell,  and  boiling 
between  300"  to  310°. 

Octohydrophenanthrene  Ci^Hjg  is  formed  by  using  an  excess  of 
phosphorus,  and  heating  above  240°;  it  is  a  liquid,  boiling  below 
300°. 

Plienanihreyie  Dibromide  C^^Hj^jBrg  is  obtained  by  mixing  well- 
cooled  solutions  of  the  hydrocarbon  and  bromine  in  carbon  disulphide. 
It  forms  well-defined  four-sided  prisms,  which,  even  in  closed  vessels, 
gradually  undergo  spontaneous  decomposition. 

Monohromophcnanthrene  Ci^HgBr  is  produced  by  heating  the 
dibromide,  or  by  boiling  it  with  alcohol.  It  forms  thin  white  prisms, 
melting  at  63° ;  on  adding  bromine  1;o  its  solution  in  carbon  sulphide 
it  i5  converted  into  : — 

Dih'omophenanthreTie  Cj^HgBrg,  crystallizing  in  whit€  warty  needles. 

TribroviopJienanthreve  Cj^HyBrj  is  produced  by  heating  the  solu- 
tion with  bromine  ;  it  forms  silky  needles,  melting  at  126°. 

Mononitrophenanthrene  G^fi^^i^O^  is  formed  by  dissolving  phenan- 
threne in  cold  concentrated  nitric  acid ;  on  adding  water,  it  is  obtained 
as  a  yellow  crystalline  precipitate,  melting  between  70°  and  80°. 

Dinitrophenanthrene  C^Jl^i^O^^  is  produced  when  the  nitric  acid 
is  heated  to  100°;  it  separates  from  glacial  acetic  acid  in  yellow 
crystals,  melting  between  150°  to  160°. 

Fhenanthrenesulphonic  Acid  C^^Hg.SOgH  is  prepared  by  heating 
phenanthrene  with  sulphuric  acid  to  100°.  Its  lead-salt  is  soluble  in 
water ;  by  decomposing  it  with  hydrogen  sulphide,  the  pure  acid  is 
obtained.  It  is  more  freely  soluble  in  hot  than  in  cold  water,  and 
forms  a  crystalline  mass. 

Flunanthrcne-quinone  C^^Ufi'^  is  produced  by  heating  the  hydro- 
carbon with  glacial  acetic  acid  and  chromic  trioxide.  It  crystallizes 
from  acetic  acid  in  orange-red,  long  prisms,  melting  at  205°,  and 
boiling  above  360°.  By  heating  it  with  zinc-dust  it  is  reduced  to 
phenanthrene,  and  by  passing  it  over  red-hot  soda-lime  it  is  converted 
into  diphenyl : — 

C,H,.C-0  CA 

I        II      I  4-  4NaOH  =  +  2NaC03  +  H^ 

CgH^.C — 0  CgHj 

DibromophenanthreTie'^uinone  C^fi^Brfi'^. — On  heating  the  quinone 
with  bromine  and  water  to  180°,  this  compound  is  obtained  in  yellow, 
warty  crystals,  melting  at  230°. 

Dinitrophenanthrene-gpiinone  C^^JifP^O^^^i  ^3  produced  by  boiling 
the  quinone  with  a  mixture  of  concentrated  nitric  and  sulphuric 
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acids.  It  ciystallizes  from  acetic  acid  in  yellow  silky  plates^  melting 
above  280^ 

Phenanthrene-hydroquinone  C^^^{OYL\  is  readily  obtained  in 
colourless  crystals  by  heating  the  quinone  with  aqueous  sulphurous 
acid.  It  is  very  readily  oxidized,  being  first  converted  into  a  'dark- 
brown  quinhy drone,  and  tlien  into  the  quinone.  By  heating  it  with 
acetic  anhydride  it  yields  the  compound  (j^^S^iOG^lfi)^,  crystallizing 
from  benzene  in  colourless  plates,  melting  at  202^ 

r  OH  • 

PhenanthreTU-quinoncsodmrn  Sulphite  Cj^Hg  -J  rvo^  ig-    +  2^Jd. — 

The  quinone  dissolves  readily  in  a  warm  solution  of  acid  sodium  sul- 
phite, and,  on  cooling,  this  compound  crystallizes  out  in  colourless 
plates ;  it  is  easily  decomposed  by  alkalis  and  acids. 

By  means  of  this  reaction  the  crude  quinone  can  be  easily  puri- 
fied, and  it  may  also  be  used  for  detecting  the  presence  of  phenan- 
threne  in  coal-tar.  This  is  done  by  oxidizing  the  portion  boiling 
between  310"*  to  360°  with  glacial  acetic  acid  and  chromic  tiioxide, 
and  treating  the  product,  first  with  soda  to  remove  acids,  and  then 
with  a  solution  of  acid  sodium  sulphite,  which  dissolves  only  phen- 
anthrene-quinone ;  on  adding  hydrochloric  acid  to  the  solution,  the 
quinone  is  re-precipitat€d,and  can  be  recognized  by  its  properties. 

Diphenic  Add  C^fi^^CO^li)^  is  formed  by  boiling  the  quinone  for 
some  time  with  dilute  sulphuric  acid  and  potassium  dichromate.  It 
crystallizes  from  hot  water  in  transparent  compact  prisms,  melting  at 
226*^,  and  subliming  in  long  transparent  needles.  By  heating  it  with 
lime  it  is  resolved  into  water,  carbon  dioxide,  and  diphenylene 
ketone : — 

CeH^.CO.OH      C^H, 
I  =  I       >C0  +  CO-  +  HjO 

CeH,.CO.OH      CeH/ 

This  reaction  corresponds  to  the  formation  of  dimethyl  ketone  fipom 
acetic  acid. 

Dtphenyl  Ketone  crystallizes  from  alcohol  in  large,  pale-yellow, 
transparent  plates,  melting  at  84^  and  boiling  above  300 .  By 
adding  it  gradually  to  fused  potash,  it  combines  with  it^  forming  the 
potassium  salt  of  a  phenyl-benzoic  acid : — 

9«^^V  rr^.r      CeH^.CO.OK 

I       ^00  +  HOK  =  I 

Phenylbenzaic  Add  is  isomeric,  with  paraphenylbenzoic  acid  (page 
425),  and  crystallizes  from  boiling  water  in  small  ramified  needles, 
resembling  hoar-frost,  and  melting  at  110^  On  cooling  the  fused 
acid  quickly,  it  is  obtained  as  a  viscid,  transparent  mass,  which 
remains  in  that  state  for  days,  but  becomes  crystalline  again  by  stir- 
ring it  up  with  a  platinum-wire.  By  heating  the  acid  with  lime, 
diphenylene  ketone  is  regenerated,  while,  by  distilling  the  calcium- 
salt,  diphenyl  is  formed. 
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ANTHRACENE-GROUP. 


ANTHRACENE  Ci^Hj^j. 


This  isomeride  of  phenanthrene  is  obtained  on  the  large  scale  by 
the  fractionsd  distillation  of  the  higher-boiling  portion  of  coal-tar, 
collecting  that  boiling  at  about  360"" ;  a  semi-solid  mass  is  thus 
obtained,  which  is  well  pressed  to  remove  oily  substances.  Crude 
anthracene  is  further  purified  by  washing  with  carbon  disulphide  and 
re-crystallization  from  alcohol  or  benzene,  or  by  sublimation. 

It  crystallizes  in  monoclinic  plates,  exhibiting,  when  quite  pure,  a 
fine  blue  fluorescence ;  it  is  not  very  soluble  in  alcohol,  more  freely 
in  benzene,  melts  at  213*",  and  boils  a  little  above  360^  With 
picric  acid  it  forms  the  compound  Ci^Hj^^  +  CgHj(N02)30H,  crystal- 
lizing in  beautiful  red  needles. 

Anthracene  has  been  obtained  synthetically  by  three  reactions : — 

(1.)  It  is  formed  together  with  benzyl-toluene  when  benzyl  chloride 
is  heated  with  water  in  sealed  tubes  to  180^ 

(2.)  By  passing  benzyl- toluene  through  a  red-hot  tube,  it  is  resolved 
into  anthracene  and  hydrogen ;  this  reaction  takes  place  at  a  lower 
temperature  if  lead  oxide  be  present. 

(3.)  By  passing  the  liquid  tolyl- phenyl  ketone  over  red-hot  zinc- 
dust. 

These  syntheses  are  explained  by  the  following  equations : — 

Anthracene.  Benzyl-toluene. 

(1)  4CeH,.CH,Cl  =  C«H/|     >CeH,  +  CeH,.CH^CeH,.CH3  -f  4HC1 

H-C  CH 

(2)  C,H,<       >C,H,  =  C,H/|     >C,H,  -f  2H, 

PararUhracene  is  formed  by  exposing  a  cold  saturated  solution  of 
anthracene  to  the  sunshine ;  it  separates  out  in  plates,  which  are  very 
sparingly  soluble  in  alcohol  and  benzene.  It  is  not  acted  upon  by 
nitric  acid  or  bromine,  and  melts  only  at  244°,  being  at  the  same  time 
reconverted  into  anthracene. 

Iso-arUhracene, — ^This  second  isomeride  of  anthracene  has  been 
obtained  together  with  amido-anthracene  by  the  action  of  tin  and 
hydrochloric  acid  on  red  nitro-anthracene.  It  is  almost  insoluble  in 
cold  alcohol,  a  little  more  freely  in  hot  alcohol,  and  readily  in  ben- 
zene, and  crystallizes  in  small  silky  plates,  melting  at  247**,  and  ex- 
hibiting a  blue  fluorescence.  It  differs  from  paranthracene  by  not 
being  reconverted  into  anthracene,  even  if  heated  to  300**,  and  by 
yielding  substitution-products  with  nitric  acid« 
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HYDRO-ANTHRACENES. 

Dihydro-anthracenc  C^fi.^^. — Whilst  phenanthrene  and  naphthalene 
are  not  changed  by  boiling  their  alcoholic  solutions  with  sodium- 
amalgam,  anthracene  is,  under  these  conditions,  converted  into 
dihydro-anthracene.  It  is  readily  soluble  in  alcohol,  and  crystallizes 
in  monoclinic  plates,  melting  at  106^  and  boiling  at  305"*,  but  sub- 
liming at  a  lower  temperature  in  brilliant  needles.  When  heated  to 
a  dull-red  heat,  it  is  resolved  into  anthracene  and  hydrogen. 

Heimhydro-anthracene  Cj^H^g  is  obtained  by  heating  dihydro- 
anthracene  with  fuming  hydriodic  acid  and  amorphous  phosphorus  to 
200^  It  dissolves  freely  in  alcohol,  and  crystallizes  in  small  plates, 
melting  at  63^  and  boiling  at  290°.  At  a  red-heat  it  is  decomposed 
into  hydrogen  and  anthracene. 

The  constitution  of  these  hydrides  is  explained  by  the  following 
graphical  formula : — 

Dihydro-anthracene.  Hexahydro-antliracene. 

CH    CHg  CH  CH    CH.  CH 

HC        0      C       CH  HC        CH   CH    CH 


II     II     I  III! 

HC        C      C       CH  HC        CH   CH    CH 


CH    CHg  CH  CH    CHj  CH 


CHLORINE  AND   BROMINE   DERIVATIVES. 

Anthracene  Dichloride  C^^Hj^jClg  is  obtained  by  passing  chlorine 
slowly  over  anthracene  ;  it  crystallizes  from  alcohol  in  long  needles. 

Monochloranthracene  C^^HgCl  is  produced  at  the  same  time,  and 
readily  obtained  by  heating  the  dichloride  with  alcoholic  potash ;  it 
crystallizes  in  hard  scalea 

Dichloranthracene  Cj^HgClg. — By  passing  chlorine  over  heated 
anthracene,  higher  chlorinated  products  are  formed.  Dichloranthra- 
cene is  sparingly  soluble  in  alcohol,  but  freely  in  benzene.  It  crys- 
tallizes in  long  yellow  needles,  melting  at  209** ;  its  solutions  exhibit 
a  splendid  blue  fluorescence. 

Tetrachloranthracene  Cj^H^Cl^  is  but  sparingly  soluble  in  alcohol, 
and  crystallizes  from  benzene  in  yellow  needles. 

Dibromanthraccne  Cj^HgBro  is  the  only  compound  formed  when 
bromine  is  added  to  a  solution  of  anthracene  in  carbon  disulphide. 
It  crystallizes  from  petroleum-naphtha  in  golden-yellow  needles^  and 
can  be  sublimed. 

Dibromanthracene  Tetrdbroinide  Ci^HgBr^  is  formed  when  the  pre- 
ceding compound  is  exposed  to  gaseous  bromine,  and  crystallizes 
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from  hot  benzene  in  hard,  colourless  needles.  By  the  action  of  heat 
it  is  resolved  into  bromine,  hydrobromic  acid,  and  tribromanthracene 
C,,H,Br3. 

Tetrabrartianthracene  Cj^HgBr^  is  a  body  resembling  the  di-  and 
tri-bromo-compound,  and  obtained  by  the  action  of  hot  alcoholic 
potash  on  dibromanthracene  tetrabromide. 


NITRO-   AND   AMIDO-COMPOUNDS. 

These  compounds  are  but  little  known ;  dilute,  as  well  as  concen- 
trated nitric  acid,  converts  anthracene  into  anthraquinone,  but  by  the 
action  of  nitric  acid  on  an  alcoholic  solution  of  anthracene  the  fol- 
lowing nitro-compounds  have  been  obtained. 

Bed  Nitro-anthraccTte  Cj^HgNOg  is  insoluble  in  cold  alcohol,  and 
crystallizes  from  hot  alcohol  in  red  needles.  When  treated  with  tin 
and  hydrochloric  acid,  it  yields  iso-anthracene  and  amido-anthracene 
Cj^Hg-NHg,  which  is  precipitated  by  alkalis  in  yellow  flakes ;  it  is  a 
very  unstable  body,  turning  rapidly  brown  in  the  air.     It  dissolves 

acids,  but  does  not  form  definite  salts. 

Wliite  Mtro-anthracene  is  more  freely  soluble  in  alcohol  than  the 
red  compound,  and  readily  in  benzene,  from  which  it  crystallizes  in 
colourless  needles. 

Dinitro-anthracene  Ci^HgfNOg)  is  readily  soluble  in  hot  alcohol 
and  benzene,  and  sublimes  in  small  colourless  plates. 

honitro-anthracene  Cj^Hg.N02  has  been  obtained  by  boiling  iso- 
anthracene  with  nitric  acid ;  it  is  sparingly  soluble  in  alcohol,  freely 
in  benzene,  and  sublimes  in  pale-yellow  needles,  melting  at  209°. 


AXTHRACENESULPHONIC   ACIDS. 

Anthracenemonosulphonic  Acid  Cj^Hg-SOgH  is  formed  by  dissolving 
anthracene  in  concentrated  sulphuric  acid  at  100°;  its  lead  salt 
crystallizes  in  yellowish-white  prisms,  having  the  composition 
(Ci^HgSOJgPb.  By  heating  anthracene  with  sulphuric  acid  to  150°, 
the  disulpnonic  acid  is  produced. 

Dichloranthracenedisulphonic  Acid  Cj^H^CljCSOgH)^  is  obtained  by 
heating  dichloranihracene  with  fuming  sulphuric  acid  on  a  water- 
bath.  It  forms  orange-yellow  crystals,  which  are  soluble  in  water, 
but  not  in  dilute  acids. 


ANTHRAQUINONE,  OR  OXYANTHRACENE  Ci^HgOj. 

This  compound  is  readily  obtained  by  boiling  anthracene  with 
dilute  sulphuric  acid  and  potassium  dichromate,  or  with  nitric  acid. 
It  crystallizes  from  hot  nitric  acid  in  pale-yellow  needles,  melting  at 
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273**,  and  subliming,  when  more  strongly  heated,  in  large  yellowish 
needles  or  prisms.  It  is  a  very  stable  body,  resisting  energeticallf 
the  action  of  oxidizing  agents.  It  differs  from  the  isomeric  phenan- 
threne-quinone  by  not  being  reduced  by  sulphurous  acid,  and  not 
combining  with  acid  sodium  sulphite.  When  heated  with  a  solution  of 
soda  and  zinc-dust  it  dissolves ;  on  adding  an  acid  to  the  solution, 
arUhraltydroquinone  Ci^Hg(0H)2  is  precipitated  in  yellow  flakes ;  it 
is  a  very  unstable  compound,  and,  even  in  the  dry  state,  readily 
oxidized  to  the  quinone.  When  anthraquinone  is  heated  with 
hydriodic  acid  and  phosphorus  to  150°,  or  when  its  vapour  is  passed 
over  red-hot  zinc-dust,  it  is  reduced  to  anthracene. 

Anthraquinone  has  been  obtained  synthetically  by  passing  the 
liquid  modification  of  tolyl-phenyl  ketone  over  heated  lead-oxide : — 

CO  CO     • 

C,h/       NCgHj  +  3PbO  =  C,H/  I  |,  >C,H,  +  3Pb  +  2H,0 
^CH,^  ^CO^ 

It  is  also  formed  as  a  bye-product  in  preparing  benzophenone  from 
calcium-benzoate  :— 

CO 
2C,H5.CO.OH  =  C.H  /  I  I  >CaH,  +  2H,0 

^CO^ 

On  the  other  hand,  when  anthraquinone  is  fused  with  caustic 
potash,  it  is  resolved  into  two  molecules  of  benzoic  acid,  and  by 
heating  it  with  soda-lime  it  yields  benzene : — 

.CO 
C6H,<  I  I  >C,H,  +  4NaOH  =  2C,H,  +  2Na,C0, 

Faranthraquinone  Cj^HgO^'  has  been  obtained  by  oxidizing  chlo- 
rinated anthracene ;  it  sublimes  in  brilliant  red  needles,  and  is  con- 
verted into  common  anthraquinone  by  heating  its  vapour  to  300^ 

Isa-anthraquinoru  Ci^HgO^-  is  formed  by  the  oxidation  of  iso- 
anthracene,  and  crystallizes  in  beautiful  red  needles,  melting  at  235*, 
and  dissolving  in  concentrated  sulphuric  acid  with  a  pure  indigo-blue 
colour. 

JDiMoranthraquinone  Cj^HgCLOi'  has  been  prepared  by  the  action 
of  chromic  acid  on  tetrachloranthracene ;  it  forms  yellow  needles. 

Dibromanthraquinone  Cj^HgBrgOs  is  produced  by  the  action  of 
bromine  on  the  quinooe,  as  well  as  by  oxidizing  tetrabromanthracene. 
It  forms  yellow  needles,  subliming  without  decomposition. 

Mononitro-anthraquinone.  C^M^QiO^O'^  is  formed  by  boiling 
anthraquinone  with  ten  parts  of  concentrated  nitric  acid  for  half  an 
hour.  It  is  a  pale*yellow  powder,  subliming  in  delicate  needles, 
melting  at  230°. 


• 
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a  Dinitro-anthraquinone  C^JIJ^O^O^  is  obtained  by  boiling 
anthraquinone  with  concentrated  nitric  acid  or  a  mixture  of  sulphuric 
and  nitric  acids  for  some  hours.  It  is  a  pale-yellow  substance,  sub- 
liming above  250°  in  yellow  needles. 

fi  Dinitro-anthraquinone, — This  body  is  obtained,  but  only  in  a 
small  quantity,  together  with  anthraquinone,  when  anthracene  is 
boiled  with  common  nitric  acid.  It  crystallizes  in  yellow  needles, 
and  forms  with  anthracene  a  compound,  crystallizing  from  benzene  in 
splendid  violet  plates.  It  also  combines  with  other  hydrocarbons; 
all  these  compounds  crystallize  well,  and  are  distinguished  by  their 
brilliant  colours. 

Amido-anthraquinone  C^fijQfll^O'^  has  been  prepared  by  heating 
nitro-anthraquinone  with  a  solution  of  sodium  hydrosulphide.  It  is 
a  bright  brick-red  powder,  melting  at  256**,  and  subliming  in  small 
needles.     It  does  not  appear  to  combine  with  acids. 

Dtazo-anthraquinone  Nitrate  Ci^H^OjNg.NOg  is  thrown  down  as  a 
pale-red  powder  when  nitrogen  trioxide  is  passed  into  a  solution  of 
the  amide  in  ether-alcohol. 

Diamid(Hinthraqui7io7ie  C^JI^(NIl^fi'4, — By  heating  a  dinitro* 
anthraquinone  with  an  alkaline  solution  of  stannous  chloride  or 
sodium  hydrosulphide,  it  dissolves  with  a  green  colour,  and  soon  tho 
diamido-compound  separates  out  as  a  vermilion-red  colour,  subliming 
in  beautiful  garnet-red  needles  having  a  beetle-green  lustre. 

Anthraqnin/)ne'Vwnosulp?i(mic  Acid  0,^11^(80311)0^  is  formed  by 
heating  anthraquinone  with  concentrated  sulphuric  acid  to  250**.  It 
is  more  freely  soluble  in  water  than  in  dilute  acids,  and  crystallizes 
in  yellow  plates.  The  barium  salt  (Ci^H70sS08)2Ba  +  H^O  is  not 
very  soluble  in  water,  and  forms  indistinct  plates.  The  calcium  salt 
(Ci^H705S03)2Ca  is  much  more  freely  soluble,  and  does  not  crystal- 
lize well. 

Anthraquinan^'disulphonic  Acid  Ci^HgO''(S03H)2  is  obtained  by 
dissolving  anthracene  in  five  parts  of  sulphuric  acid  at  280°.  It  is 
more  soluble  than  the  monosulphonic  acid,  and  forms  yellow  crystals. 
Its  salts  do  not  crystaUize  welL 

This  acid  is  also  obtained  by  oxidizing  dichlor-  or  dibromanthra- 
cene-disulphonic  acids : — 

C,,H,C1,(S03H),  +  03  =  C,,H,,05(S03H),  +  01, 

or  by  heating  dichlor-  or  dibromanthracene  with  sulphuric  acid : — 

Ci^HeOljCSOjH),  +  SO,H,  -  Oi,H,(03)(S03H),  +  SO,  +  2HC1 

The  same  acid  has  been  produced  by  heating  anthracene-disulphonic 
acid  with  manganese  dioxide  and  dilute  sulphuric  acid. 
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OXYANTHRAQUINONES; 

The  following  phenols  of  anthraquinone  are  known,  and  although 
they  have  not  all  been  obtained  from  anthraquinone,  they  are  deri- 
vatives of  this  body ;  this  is  shown  by  the  fact  that  red-hot  zijic- 
dust  reduces  them  to  anthracene. 

Monoxy anthraquinone  G^fi^0'i{01i)  is  produced  by  fusing  the 
monosulphonic  acid  with  caustic  potash.  It  is  sparingly  soluble  in 
water,  and  readily  in  alcohol,  and  sublimes  in  lemon-yellow  plates. 
It  dissolves  in  alkalis  with  a  reddish-yellow  colour ;  the  barium  salt 
crystallizes  from  hot  water  in  microscopic  yellow  needles,  consisting 
of  Cyi7(Oi')0)2Ba+ir20. 

Monoxy anthraquinon4:svlplionic  Acid  Ci^HgOs(OH)S03H  is  formed 
when  anthraquinonedisulphonic  acid  is  fused  with  potash  until  the 
blue  mass  which  is  first  formed  assumes  a  violet  tinge.  The  free 
acid  forms  yellow  crystals,  and  forms  two  series  of  salts  ;  those  con- 
taining one  equivalent  of  a  metal  have  a  yellowish-red  colour,  and 
those  with  two  equivalents  are  blue. 


r  OH 

DIOXVAXTHRAQUIXONES  Cj^HgOs  -j  qjj  • 

Alizarin. — This  interesting  and  important  compound  exists  in 
madder-root  (Rnhia  tinctoria)  as  glucoside,  called  rubtanic,  or  rubery- 
thric  acid;  on  boiling  it  with  alkalis  or  acids  it  is  resolved  into 
glucose  and  alizarin.  The  same  decomposition  is  produced  by  the 
action  of  a  ferment  contained  in  the  root,  and  therefore  ground 
madder,  which  has  been  exposed  to  the  air  for  some  years,  contains 
free  alizarin,  which  may  be  extracted  with  ether  or  petroleum-spirit. 

Alizarin  is  produced  artificially  by  fusing  dibromanthraquinone, 
anthraquinonedisulphonic  acid,  dinitro-  or  diamidoquinone  with 
potash  until  the  mass  has  assumed  a  fine  violet  colour : — > 

CuHsOs  {  JJ  +  2K0H  =  C.flfii  {  J5h  +  ^^^'^ 

On  dissolving  the  product  in  water,  and  adding  an  acid,  impure 
alizarin  is  obtained  as  a  yellow  precipitate. 

It  is  also  obtained  by  the  same  reaction,  together  with  anthra- 
quinone, by  using  anthraquinone-monosulphonic  acid. 

Artificial  alizarin  is  now  manufactured  in  considerable  quantity. 

Alizarin  ciystallizes  from  alcohol  in  yellowish-red  needles,  contain- 
ing three  molecules  of  water,  which  escape  at  100^     By  heating  it 
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strongly  it  sublimes  ia  brilliant  red  needles.      It  is  but  slightly 
soluble  in  water,  but  freely  in  alcohol  and  ether. 

It  dissolves  in  ammonia  with  a  purple  colour,  and  in  potash  ot 
soda  it  yields  a  solution  which,  in  transmitted  light,  appears  bluish- 
purple,  and,  in  reflected  light,  pure  blue.  This  solution  gives  a  very 
characteristic  absorption  spectrum  (see  Fig.  14,  No.  4), 


HlwiB  In  patuh 


By  adding  barium  chloride  to  the  ammoniacal  solution,  a  blue  pre- 
cipitate, consisting  of  C^jHg(0'j)OjBa,  is  obtained ;  calcium  chloride 
yields  a  similar  compound.  Alum  and  stannic  salts  proditce  red 
precipitates  in  the  alkaline  solution,  and  ferric  salts  a  blackish -violet 
one. 

Tlie  property  of  alizarin  to  form  insoluble  coloured  metallic  com- 
pounds  is  made  use  of  in  dyeing  and  printing.  To  produce  madder- 
colours  on  calico,  the  desired  pattern  is  printed  on  the  cloth  ns 
mordant.  For  pinks  and  reds,  a  solution  of  aluminium  acetate  (red 
liquor),  which  is  thickened  with  gum  or  starch,  is  used;  and  for 
purples  and  blacks,  ferrous  acetate  (iron-liquor)  is  employed,  whilst  a 
mixture  of  the  two  salts  produces  brown  or  chocolate  shades.  The 
mordanted  cloth  is  next  "  aged,"  or  hung  up  in  a  warm  airy  room, 
whereby  the  acetic  acid  is  expelled,  and  the  oxides  are  fixed  in  the 
fibre.  The  cloth  ia  now  brought  int«  the  dye-bath,  consisting  of 
boiling  water  and  old  ground  madder-root ;  the  alizarin  is  gradually 
dissolved  and  absorbed  by  the  oxides. 

Artificial  alizarin  is  chiefly  used  for  "topical"  printing;  for  this 
purpose  it  is  printed  together  with  the  mordant  on  the  cloth,  which  is 
then  "steamed"  or  heated  to  100°;  the  alizarin  dissolves  in  the  free 
acetic  acid,  which  soon  volatilizes,  whilst  the  alizarin  combines  with 
the  oxides.  The  colours  thus  produced  are  more  brilliant  than  those 
obtained  by  dyeing  ^vith  madder. 

To  dye  "  Turkey-red "  on  cotton,  the  goods  are  mordanted  with 
oxidised  olive-oil  and  alum,  and  then  brought  into  the  dye-bath 
containing  madder-root  or  alizarin ;  the  colour  thus  produced  contains 
fatty  acids  combined  with  alumina  and  alizarin. 

When  an  alkaline  solution  of  alizarin  is  heated  with  tin,  it  becomes 
yellowish-red,  and  contains  tetroxyarUkraceju  C,^Hg(OH)y  which  ia 

C  o  a 
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precipitated  by  acids  in  yellow  flakes ;  it  readily  absorbs  oxygen,  and 
is  reconverted  into  alizarin. 

Methyl-alizarin  Ci^H^0"2-|  opTx    is  obtained  by  heating  alizarin 

with  methyl  iodide,  potash,  and  methyl  alcohol.  It  forms  long  yellow 
needles,  having  a  reddish  tinge,  and  subliming  in  lustrous  soaks 
It  does  not  dissolve  in  cold  alkalis,  but  hot  potash  dissolves  it  with  i 
bright  cherry-red  colour,  the  compound  Ci4HgO*2(OCH3)OK  being 
formed,  which  is  also  obtained  in  dark-red  needles  by  adding  alcoholk 
potash  to  an  alcoholic  solution  of  methyl-alizarin, 

Diacctyl-alizarin  ^iJ3LX>''^{0C^fi\  is  prepared  by  heating  aUza- 
rine  with  acetic  anhydride  to  160^  It  crystallizes  ttom  alcohol  in 
pale-yellow  flat  needles  or  plates,  melting  at  160**,  and  is  rapidly  de- 
composed by  hot  alcoholic  potash 

ArUhraJlavin,  or  Anthraflavic  Add, — ^This  isomeride  of  aliairin 
occurs  together  with  oxyanthraquinone  and  other  products  in  com- 
mercial artificial  alizarin.  It  sublimes  in  golden-yellow  needles  or 
plates.  The  barium  salt  2C^fiJd\{0^9)  -f  ISHgO  crystallizes  ftom 
hot  water  in  reddish-brown  needles. 

Diaceti/l-arUhraJlavin  Ci^HgO"2(OC2H30)2  is  obtained  by  the  action 
of  acetic  anhydride  on  anthraflavin  at  160**.  It  crystallizes  from 
glacial  acetic  acid  in  beautiful  pale  yellow  plates  or  needles,  melt- 
ing at  228°,  and  is  easily  decomposed  by  alcoholic  potash. 

Quinizarin  C^^Jd" ^{OE)^,  is  formed  together  with  hydroquinone- 
phthalein  (page  412),  when  a  mixture  of  hydroquinone  and  phthalic 
acid  is  heated  with  sulphuric  acid : — 

( CO.OH  CO 

CaH,^  +  CeH,(0H)2  =  C^H  / 1  I  XH2(0H)^  +  2H2O 

( CO.OH  ^CO"^ 

It  crystallizes  from  ether  in  yellowish-red  plates,  and  from  alcohol 
in  deep-red  needles.  It  dissolves  in  alkalis  with  a  blue  colour ;  and 
this  solution  gives  with  barium  chloride  a  blue,  and  with  ferric 
chloride  a  brownish-red  precipitate,  and  with  alumina  it  forms  a  rrf 
lake.  Quinizarin  has  the  greatest  resemblance  to  alizarin,  but  diffen 
from  it  by  its  absorption-spectrum,  and  by  the  strong  greenish^yellow 
fluorescence  which  its  solution  in  ether  or  sulphuric  acid  exhibits. 

Chrysaphanic  Acid  Oi4HgO"2(OH)2  occurs  in  the  officinal  Ehubarb- 
root  (from  one  or  several  undefinea  species  of  Bheum  growing  in 
China  and  Central  Asia),  and  exists  also  in  the  root  of  Sumex  obtusi' 
foliuSf  in  the  lichen  Parnulia  parietina,  and  in  the  bark  of  Cassia 
bijttga.  It  is  obtained  by  extracting  rhubarb-root  with  ether,  and 
crystallizes  in  tasteless  golden-yellow  needles,  dissolving  in  alkalis 
with  a  deep-red  colour ;  by  the  action  of  sodium-amalgam  tliis  solu- 
tion becomes  colourless,  but  assumes  again  the  original  colour  in 
contact  with  air.  It  forms,  like  the  other  dioxy-anthraquinones,  a 
diacetyl-compound. 

Tetranitrochrysopluinic  Acid  Ci^H20''2(N02)4(OH)j,  op   Chrysamie 
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Acid  is  obtained  by  the  action  of  nitric  acid  on  chrysophanic  acid 
and  on  aloin  (the  bitter  principle  of  aloes).  It  forms  thin,  yellow, 
fern-shaped  crystals,  resembling  lead  iodide,  and  dissolving  sparingly 
in  water  with  a  purple  colour.  Bariicm  chrysamate  G^Jifi'\Q^O^^ 
OoBa  +  2H2O  is  obtained  in  red  crystals  by  adding  barium  acetate 
and  acetic  acid  to  a  solution  of  the  potassium  salt.  Lead  chrysamate 
C-^^S>''^(^0,^fi,^h  +  4H2O  is  produced  in  a  similar  way,  by  using 
lead  acetate,  and  forms  crystals  exhibiting  a  magnificent  bronze 
reflection. 

Hydrochrysamide  G\^H20"2(NH2)3N02(OH)2. — ^When  chrysamic  acid 
is  boiled  with  a  solution  of  potassium  sulphide,  it  dissolves  with  a 
deep-blue  colour,  and,  on  cooling,  hydrochrysamide  separates  out  in 
crystals,  having  a  blue  colour  and  copper-red  reflection. 

Frangulic  Acid  G^Jlfi'\{0^)^  occurs  as  glucoside,  called /ran^t^/in, 
in  the  bark  of  Bhamnics  frangula  ;  on  boiling  it  with  hydrochloric 
acid,  it  splits  up  into  glucose  and  frangulic  acid,  which  crystallizes 
from  alcohol  in  orange-yellow  needles  or  quadratic  plates,  containing 
one  and  a-half  molecules  of  water.  It  dissolves  in  potash  with  a 
cheiTy-red  colour,  which  disappears  on  boiling  it  with  zinc-dust,  but 
comes  back  again  in  contact  with  the  air.  Barium  chloride  gives, 
with  the  red  solution,  a  red  precipitate. 

Diacdyl-frangulic  Add  C^fifi^MG^fi)^  is  formed  by  heating 
frangulic  acid  with  acetyl  chloride.  It  crystallizes  from  boiling 
alcohol  in  small,  yellow,  lustrous  plates,  melting  at  184*. 


(OH 

TftlOXYANTHRAQUlNOKES  G.Jlfi\\  OH 

(oh 

Purjntrin  exists  in  the  free  state,  and  as  glucoside,  in  madder-rooti 
and  may  be  extracted  by  a  solution  of  alum,  in  which  alizarin  is  in- 
soluble. It  crystallizes  in  yellow  needles,  with  one  molecule  of 
water ;  on  heating,  the  water  is  given  off,  and  purpurin  sublimes  in 
red  needles.  It  dissolves  sparingly  in  water,  and  more  freely  in 
alcohol,  with  a  red  colour,  which  on  adding  an  alkali  becomes  darker, 
but  not  purple.  The  calcium  and  barium  salts  are  purple  precipi- 
tates. The  solutions  of  purpurin  give  different  absorption-spectra 
(Fig.  14),  which  enable  us  not  only  to  detect  the  merest  trace  of  pur- 
purin present  in  the  midst  of  a  quantity  of  impurities,  but  also  to 
distinguish  it  from  alizarin,  which  gives  a  totally  different  spectrum. 

Nitric  acid  oxidizes  purpurin  to  oxalic  acid  and  phthalic  acid. 

Miinjistin  is  found  together  with  purpurin  in  Munjeet,  or  the 
Indian  madder  {Eubia  Munjista).  It  is  soluble  in  hot  water,  in 
alcohol,  and  ether ;  its  ethereal  solution  exhibits  a  fine  fluorescence, 
resembling  that  of  a  solution  of  quinizarin. 

Munjistin  crystallizes  in  yellow  plates,  and  dissolves  in  alkalis 

a  a  2 
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with  a  crimson  colour ;  it  dyes  on  alum-mordant  a  light  orange,  and 

r  OH 

on  iron-mordant  a  brownish-purple.     The  lead  salt  C^^HgCg  1  o  Ph 

is  an  orange  precipitate. 

Anthrapurpurin  has  been  found  in  commercial  artificial  alizarin, 
and  is  isolated  by  dissolving  the  crude  colouring  matter  in  dilute 
sodium  carbonate,  and  agitating  the  liquid  with  precipitated  alumina, 
which  combines  with  the  alizarin.  On  adding  hydrochloric  acid  to 
the  filtrate,  anthrapurpurin,  mixed  with  anthrafiavic  acid,  and  other 
bodies  is  precipitated,  from  which  it  is  separated  by  boiling  with 
alcoholic  soda;  anthrapurpurin  forming  a  soda-compound,  which  is 
with  difficulty  soluble  in  alcohol.  This  is  then  dissolved  in  water, 
and  barium  chloride  added;  a  purple  precipitate  is  formed,  which 
is  washed  and  decomppsed  by  an  acid.  It  is  deposited  from  boiling 
acetic  acid  in  small  groups  of  minute  orange-coloured  needles. 

Anthrapurpurin  dissolves  in  alkalis  with  a  bluish-violet  colour,  and 
forms  with  alumina  a  red  lake.  It  has  about  the  same  affinii^  for 
mordants  as  alizarin,  giving  similar  shades,  but  the  reds  are  much 
purer,  the  purples  more  blue,  and  the  blacks  more  intense.  When 
used  to  dye  Turkey-red,  it  produces  a  brilliant  scarlet,  which  is  of  a 
remarkable  permanence.  Its  alkaline  solution  gives  a  spectrum  re- 
sembling that  of  alizarin. 

Diacetylanthrapurpurin  Ci^H50%(OC2H30)8  is  formed  by  heating 
anthrapurpurin  with  acetic  anhydride  to  160^  It  crystallizes  from 
glacial  acetic  acid  in  beautiful  pale-yellow  glistening  scales,  melting 
at  22r. 


(OR 

I  ryff 
TETROXYANTHRAQUINONES  Ci^H^O^  <  Qg 

(oh 

AfUhrachrysone  is  a  derivative  of  a  dioxybenzoic  acid,  and  obtained 
by  heating  this  compound  with  sulphuric  acid  to  140** : — 

no 

2CeH3(OH),CO.OH  =  2H,0  +  CeH,(OH) /(  |,Xh,(OH), 

^00 

It  is  a  golden-yellow  crystalline  powder,  which  is  almost  insoluble 
in  water ;  when  heated  it  gives  oflf  a  quinone-like  smell,  but  does  not 
melt  at  320°.  On  adding  barium  chloride  to  its  ammoniacal  solution, 
the  salt  C^H^0%(0H)20^Ba  crystallizes  out  in  dark-red  needles. 
The  magnesium  and  alummum  salts  are  amorphous  red  precipitates. 

Anthrachrysone  dyes  on  iron-mordants  a  brown  colour,  and  on 
alumina-mordants  a  colour  like  that  of  alizarin,  but  duller. 

Bufiopin, — When  narcotine  (see  Opium-alkaloids)  is  oxidized,  it 
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yields  opianic  acid,  and  this  body  is  converted  into  nifiopine  by 
heating  it  with  concentrated  sulphuric  acid  to  180**: — 

( OCH3  CO^ 

2CeH J  COH      +  5H,S0,  =  CeH,(OH) ,<  |  I  >C«H,(OH),  + 
( CO.OH  XO'^ 

SCO,  +  5SO2  +  9H2O 

Bufiopin  is  sparingly  soluble  in  hot  water,  and  separates  from  it  in 
small  yellow  needles,  and  from  alcohol  in  indistinct  yellowish-red 
crystals.  In  alkalis  it  dissolves  with  a  red  colour,  and  with  ammonia 
it  forms  a  reddish-brown  solution.  Calcium  chloride  gives  with 
these  solutions  a  reddish- violet,  and  barium  chloride  a  violet  precipi- 
tate. On  mordanted  cloth  it  dyes  colours  resembling  those  produced 
by  alizarin. 


HEXOXYANTHKAQUINONE,   OR   RUFIGALLIC   ACID,   CeH20%(0H)g. 

When  gallic  acid  is  heated  with  sulphuric  acid  in  a  water-bath,  the 
liquid  assumes  a  dark  purple  colour,  and  on  adding  wat^r,  a  red  crys- 
talline precipitate  of  rufigallic  acid  is  obtained,  which  on  heating  sub- 
limes in  yellowish-red  needles.  Concentrated  potash  colours  it  blue, 
and  on  addition  of  water  it  dissolves  with  a  violet  colour.  It  dyes 
mordanted  cloth  like  alizarin,  but  the  colours  are  not  very  brilliant. 
By  fusing  it  with  potash  it  is  resolved  into  oxyquinone  and  foimio 
acid :— 

CeH(0H)3/  I  I  >CeH{0H)3  +  2K0H  =  2C.H3(OH)02"  +  2C0H.0K 
^CO^ 

Oxyquinone  forms  microscopic,  pale  yellow  needles ;  on  adding 
ferric  chloride  to  its  aqueous  solution,  it  colours  tirst  violet  and  then 
bluish-green. 


.DIMETHYL-ANTHRACENE   C^fi^{G}i^^ 

When   xylyl  chloride   is  heated  with  water  to   210°,   it  yields 

r  C  H  CH 

dimethyl-anthracene  and  the  hydrocarbon  CHj  X  p*H*rrif  ^  '  ^^^  ^^® 

latter,  when  passed  through  a  red-hot  tube,  is  also  converted  into 
dimethyl-anthracene.  These  reactions  are  perfectly  analogous  to  the 
syntheses  of  anthracene  (page  443) : — 
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(1)4C,H,  {  gg»ci  =  (CH,)C,H,/ 1    >C,H3(CH3)  + 

H3C 

(2)  (CH3)C«H,<       >CeH3(CH3)  = 

CH 
(CH3)C,H3<;  I     XH3(CH3)  +  2H3 

Dimethyl -anthracene  has  the  greatest  resemblance  to  anthracene; 
it  melts  at  200°,  and  sublimes  in  white  plates,  exhibiting  a  bluish- 
\4olet  fluorescence. 

Anthraceiucarhonic  Acid  Ci^Hg.C02H. — ^This  compound  stands  in 
the  same  relation  to  anthracene  as  benzoic  acid  to  benzene ;  it  is  pro- 
duced by  heating  anthracene  with  carbonyl  chloride  to  200"*  for  ten 
hours,  and  digesting  the  product  with  dilute  sodium  carbonate.  It 
crystallizes  from  alcohol  or  hot  water  in  needles,  melting  at  206*^,  but 
being  slowly  resolved  at  the  same  time  into  anthracene  and  carbon 
dioxide ;  this  decomposition  takes  place  quickly  by  heating  it  with 
soda-lime.  A  solution  of  chromic  trioxide  in  acetic  acid  oxidizes  it  to 
anthraquinone : — 

C^^Ho-COgH  +  30  =  Ci.HgOg"  +  COg  +  H^O 


PYRENE    CigHiQ. 

When  coal-tar  is  distilled  until  only  coke  is  left  in  the  retort,  a 
yellow  greasy  substance  passes  over  towards  the  end.  By  treating  it 
with  carbon  disulphide,  pyrene  is  dissolved.  It  is  purified  by  recrys- 
tallizing  repeatedly  from  alcohol,  and  then  mixing  its  cold  alcoholic 
solution  with  a  solution  of  picric  acid.  The  red  crystalline  precipitate 
CigHjo  +  C-H2(N02)30H  thus  obtained  is  decomposed  with  ammonia, 
and  the  hydrocarbon  crystallized  from  alcohol. 

P3rrene  is  obtained  by  the  slow  evaporation  of  its  solution  in 
rhombic  plates  melting  at  142°. 

Hexahydropyrene  CjgHig  is  produced  by  heating  pyrene  with  strong 
hydriodic  acid  and  amorphous  phosphorus  to  150°.  It  crystallizes 
from  alcohol  in  needles  or  prisms,  melting  at  127°,  and  does  not  com- 
bine with  picric  acid.  At  a  red  heat  it  decomposes  into  pyrene  and 
hydrogen. 

Nitropyreiir  Cj^Hp-NOg  is  readily  formed  by  heating  pyrene  with 
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weak  nitric  acid.  It  separates  from  an  alcoholic  solution  in  yellow 
needles  or  prisms,  melting  at  142^ 

Dinitropyrene  C^^^(JSO^^  is  obtained  when  pyrene  is  boiled  with 
nitric  acid  of  spec.  grav.  1.45.  It  is  insoluble  in  alcohol,  and  crystal- 
lizes from  acetic  acid  in  slender  yellow  needles. 

Tetranitropyrene  G.^q(^0^^  is  formed  by  the  action  of  boiling 
concentrated  nitric  acid  on  dinitropyrene,  and  crystallizes  from  acetic 
acid  in  glistening  plates  or  needles. 

Bromine-derivatives. — When  pyrene  comes  in  contact  with  cold 
bromine-vapour,  it  is  converted  into  dihromopyrene  dihromide 
CjgHgBr^,  which  crystallizes  from  nitrobenzene  in  pale  yellow  needles. 
Trhromopyrene  Ci^HyBrg  is  formed  by  the  action  of  bromine  on  a 
solution  of  pyrene  in  carbon  disulphide  ;  it  is  almost  insoluble  in 
alcohol,  ether,  and  carbon  disulphide ;  from  boiling  nitrobenzene  it 
crystallizes  in  colourless  needles. 

Fyroquinone  C^qR^O'^, — To  prepare  this  compound,  pyrene  is  dis- 
solved in  glacial  acetic  acid,  and  solid  chromic  trioxide  is  added  to 
the  solution.  It  crystallizes  in  red  needles  or  prisms,  dissolving  in 
concentrated  sulphuric  acid  with  a  brown  colour.  Red-hot  zinc-dust 
reduces  it  like  other  quinones  ;  the  hydrogen  required  for  this  reduc- 
tion being  furnished  by  zinc  hydroxide,  which  is  always  present : — 

CxeHgOg  +  3Zn  +  Zn(OH)j  =  Ci.TIio  +  4ZnO 


CHRYSENE   CjgHig. 


On  exhausting  the  yellow  body,  which  has  been  mentioned  under 
pyrene,  with  carbon  disulphide,  a  granular  powder,  resembling  flowers 
of  sulphur,  and  consisting  of  impure  chrysene,  is  left  behind.  It  is 
but  sparingly  soluble  in  the  common  solvents,  and  crystallizes  from 
boiling  alcohol  in  rhombic  plates,  melting  at  250**.  With  picric  acid 
it  forms  a  compound,  crystallizing  from  benzene  in  brownish-orange 
needles. 

Nitrochrysene  CigHu-NOg  is  slowly  formed  when  chrj'sene  is  boiled 
with  absolute  alcohol  and  nitric  acid  ;  it  forms  orange  cr}*stals. 

Tetranitrochrysene  C^8Hg(N02)4  is  obtained  by  dissolving  the  hydro- 
carbon in  fuming  nitric  acid  as  a  yellow  powder,  which  is  only 
sparingly  soluble  in  most  solvents. 

Chrysoquinone  CigHj^Cg  is  produced  by  the  action  of  chromic  tri- 
oxide on  a  solution  of  chrysene  in  acetic  acid.  It  cr}'stallizes  from 
hot  alcohol  in  red  rhombic  prisms  or  plates,  dissolving  in  strong  sul- 
phuric acid  with  a  splendid  blue  colour.  On  boiling  it  with  potash 
and  zinc-dust,  a  yellow  solution  is  formed,  from  which  acids  precipi- 
tate chrysohydroquinone  Ci8Hj^(OH)2  in  nearly  colourless  flakes ;  it  is 
easily  oxidized  again  to  the  qninone. 
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RETENE  CjgH^g. 

This  hydrocarbon  has  been  found  in  wood-tar  from  Finland ;  it 
forms  colourless  crystals,  melting  at  99^  Chromic  acid  oxidizes  it  to 
acetic  acid,  phthaUc  acid,  and  dioxyresistene  Ci^Hj^Oj,  a  brick-red 
powder,  possessing  the  properties  of  a  quinone. 


IDRIALENE  C^Hi^. 

The  mineral  Idrialite,  occurring  in  the  mercury-mines  of  Idria,  is  a 
substance  resembling  coal,  and  contains  idrialene,  which  may  be  ex- 
tracted by  benzene.  Idrialene  forms  small  colourless  plates^  melting 
above  285°,  and  dissolving  in  concentrated  sulphuric  acid  with  a  blue 
colour.  Chromic  acid  converts  it  into  IdrifiLquinoiie  CggH^^O^,  a  red 
ciy stall ine  solid,  dissolving  in  sulphuric  acid  with  a  brown  colour. 

Idrialene  is  the  last  member  of  a  series  of  hydrocarbons,  which  are 
derived  from  benzene  by  the  successive  addition  of  C^H^.  Their 
chemical  properties  show  that  they  must  have  a  very  similar  consti- 
tution, and  consist  of  closed  chains  of  carbon-atoms;  for  oxidizing 
agents  do  not  convert  them  into  acids,  like  the  homologues  of  benzene, 
but  into  quinones.     The  following  belong  to  this  series : — 

Benzene    .     .     C^Hg 

Naphthalene .     Cj^Hg 

Phenanthrene  )  p  ^t 
Anthracene      j     1*10 

Chrysene  .     .     C^gHij 

Idrialene   .     .     CggHj^ 

Pyrene  does  not  belong  to  this  group,  but  it  also  contains  a  closed 
chain  of  carbon-atoms.  It  is  isomeric  with  diphenyl-diethine  ;  both 
hydrocarbons  contain,  of  all  known  definite  carbon-compounds,  rela- 
tively the  largest  amount  of  carbon,  viz.,  95  per  cent.,  or  even  more 
than  anthracite. 


ON    THE   CONNECTION    EXISTING   BETWEEN   THE   COLOUR   AND 
MOLECULAR   CONSTITUTION   OF   CARBON-COMPOUNDS. 

The  great  majority  of  carbon-compounds  is  colourless  ;  among  the 
aromatic  compounds,  however,  a  number  of  bodies  is  found,  having 
the  characteristic  colours,  or  possessing  the  property  of  reflecting  only 
certain  rays  of  light 
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These  coloured  compounds  have  one  property  in  common :  they  all 
combine  with  nascent  hydrogen,  whereby  colourless  bodies  are  pro- 
duced. This  proves  that  they  contain  certain  atoms  more  closely 
combined  than  is  necessary  for  keeping  the  molecule  together,  and 
therefore  this  closer  combination  must  be  the  cause  of  the  colouration. 

Thus  the  quinones  of  benzene  and  naphthalene  have  either  a  yellow 
or  green  colour,  while  the  oxyquinones  of  anthracene  (alizarin,  &c.) 
are  mostly  red.  They  combine  with  hydrogen,  forming  colourless 
hydroquinones,  and  colourless  compounds  are  also  produced  by  com- 
bining the  two  atoms  of  oxygen  with  acid  or  alcohol-radicals.  From 
this  it  appears  that  the  combination  of  the  oxygen-atoms  is  the  cause 
of  the  colour  : — 


Quinone 
(yeUow). 


Quinhydrone 
(grecu). 


Hydroquinono 
(colourless). 

^6^4  I  OH 


Azo-compounds  have  either  a  red  or  blue  colour,  and  yield,  by 
reduction,  colourless  hydrazo-compounds ;  their  colour  is,  therefore, 
due  to  the  double  linking  of  the  nitrogen-atoms  : — 


Azobenzcne 
(red). 

N-CeH, 


N-CeH, 

ludigotin 
(blue). 

N— CjH,.CO.CH 

II  II 

N— CeH^.CO.Cn 

MaK<Iala-r«d. 
N— CijHj 

II 


Hydrazobenzene 
(colourless). 


HN-C,H, 


Hydro-indigotin 
(colourless). 

HN— OgH^.CO.CH 


HN— C,H^.CO.CH 

Azodiphenyl-blue. 


N-CeH,.NH(C,H^ 


Similar  relations  exist  undoubtedly  between  rosaniline  and  leucani- 
.ne,  and  between  the  phenol-colours  and  their  products  of  reduction. 


DESTRUCTIVE   DISTILLATION. 


When  non-volatile  carbon-compounds  are  heated,  tliey  undergo  de- 
composition, and  are  resolved  into  different  products,  varying  with  the 
nature  of  the  substance  as  well  as  with  the  mode  of  heating. 

The  destructive  or  dry  distillation  of  coal,  bituminous  shale,  wood, 
peat,  &c.,  is  carried  on  for  the  purpose  of  obtaining  illuminating  gas, 
as  well  as  the  liquid  and  solid  products. 


MS  THE  CHEMISTRY  OF 

Crude  coal-gas  contains  hydrogen,  marsh-gas,  and  other  paraffins, 
olefines,  acetylene,  vapour  of  benzene,  and  other  volatile  hydro- 
carbons, carbon  monoxide  and  dioxide,  carbon  disulphide,  hydrogen 
sulphide,  &c. 

The  liquid  products  separate,  on  standing,  into  two  layers.  The 
aqueous  solution  obtained  from  coal  contains- chiefly  ammonia,  whilst 
that  from  wood  contains  methyl  alcohol,  acetic  acid,  and  other  fatty 
acids,  methyl  acetate,  dimethyl  ketone,  dimethylacetal,  &c. 

The  composition  of  the  dark  oily  layer,  or  tar,  is  very  varying  and 
complicated.  The  following  bodies  have  been  found  in  different  kinds 
of  tar: — 

(1.)  Paraffins  occur  chiefly  in  tar  which  has  been  obtained  from 
bodies  containing  a  relatively  large  quantity  of  hydrogen,  such  as 
cannel  and  boghead-coal. 

(2.)  Olefines  exist  also  principally  in  the  same  kinds  of  tar. 

(3.)  Hydrocarbon  of  the  acetylene -series. 

(4.)  Benzene  and  methylated  benzenes. 

(5.)  Naphthalene,  acenaphthene,  phenanthrene,  anthracene,  pyrene, 
chrysene,  retene. 

(6.)  Phenol,  cresol,  and  homologues. 

Wood-tar  contains  also  pyrocatechin  and  homologues,  as  well  as 
.  their  methyl-ethers  (creosote). 

(7.)  Aniline,  toluidine,  and  homologous  bases. 

(8.)  Picoline  and  leucoline-bases. 

The  formation  of  these  different  bodies  is  partly  explained  by  the 
following  observations. 

When  a  carbon-compound  burns  in  a  limited  supply  of  air,  there  is 
always  some  acetylene  formed,  and  such  an  incomplete  combustion 
takes  place  at  the  beginning  of  the  dry  distillation.  On  exposing 
acetylene  to  a  dull-red  heat  it  undergoes  poljrmerization,  and  yields 
benzene,  styrolene,  and  other  products,  among  which  hydrogen  and 
naphthalene  have  been  observed. 

At  a  bright-red  heat,  acetylene  is  resolved  into  hydrogen  and  car- 
bon, but  at  the  time  some  marsh-gas,  ethene  and  naphthalene  are 
produced. 

Acetylene  and  hydrogen  combine  at  a  dull-red  heat  with  the  forma- 
tion of  ethane  and  ethene. 

WTien  benzene  is  exposed  to  a  bright-red  heat  it  yields  diphenyl, 
diphenyl-benzene,  and  other  hydrocarbons. 

Toluene  produces,  under  the  same  conditions,  marsh-gas,  benzene, 
naphthalene,  anthracene,  &c. 

The  xylenes  and  pseudocumene  yield  similar  products,  and  the 
different  hydrocarbons  thus  formed  undergo  further  transformations 
by  acting  on  each  other  at  a  high  temperature. 
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GLUCOSIDES. 

Nearly  all  plants  contain  peculiar  compounds,  which  have  the  pro- 
perty in  common  to  be  resolved  into  a  sugar^  and  other  compounds,  by 
the  action  of  acids,  alkalis,  or  ferments.  Some  of  these  glucosides 
occur  also  in  the  animal  kingdom. 

The  chemical  character  of  these  bodies  shows  that  they  are  com- 
pound ethers  of  sugar  or  of  bodies  nearly  related  to  them,  such  as 
gum,  starch,  &c. 

The  number  of  glucosides  known  is  very  large,  and  most  of  them 
yield  products  of  decomposition  belonging  to  the  aromatic  group. 
We  can  describe  here  only  those  of  more  importance. 

Myronic  Acid  (i^^y^hfi^^, — The  potassium-salt  of  this  acid  exists 
in  the  seed  of  the  black  mustard,  and  is  obtained  by  boiling  the 
crushed  seeds  with  alcohol,  and  exhausting  the  residue  with  water. 
It  crystallizes  in  silky  needles ;  on  boiling  it  with  baryta-water,  or  by 
the  action  of  a  ferment  called  myrosin,  which  is  contained  in  the 
seed,  it  splits  up  into  mustard-oil,  glucose,  and  acid  potassium  sul- 
phate : — 

C,oH,3KNSAo  =  C,H,NS  +  CeH^^Oe  +  HKSO, 

The  free  myronic  acid,  which  has  been  prepared  by  decomposing 
the  potassium-salt  with  tartaric  acid,  is  a  very  unstable  compound. 

When  silver  nitrate  is  added  to  a  solution  of  the  potassium-salt,  a 
white  precipitate  consisting  of  C^HgNAgjSjO^  is  formed,  and  glucose 
remains  in  solution.  Hydrogen  sulphide  decomposes  this  salt  into 
sulphur,  silver  sulphide,  sulphuric  acid,  and  crotonitrile : — 

C^H.NAggSgO,  +  HgS  =  S  +  AggS  +  H^SO,  +  CJI.N 


GLUCOSIDES  OF  TilE  AROMATIC   GROUP. 

Amygdalin  Cg^Hj^NOii  occurs  in  the  kernels  of  cherries,  plums, 
apricots,  &c.,  and  in  large  quantity  in  bitter  almonds  and  the  leaves 
of  the  common  laurel ;  it  exists  also  in  the  leaves  of  the  bird-cherry 
{Prunits  Fadus)  and  the  sprouts  and  bark  of  the  mountain-ash,  and 
in  other  plants  belonging  to  the  family  of  Drupacecc  and  Amycfdalccn, 

To  prepare  it,  the  paste  of  bitter  almonds,  from  which  the  oil  has 
been  expressed,  is  exhausted  with  boiling  alcohol,  the  solution  con- 
centrated, and  the  amygdalin  precipitated  by  adding  ether.  It  is 
thus  obtained  in  pearly  scales,  crystallizing  from  water  in  transparent 
prisms  with  three  molecules  of  water. 

When  amygdalin  is  treated  with  dilute  acids,  or  when  emidsin  (the 
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ferment  of  bitter  almonds)  is  added  to  the  aqueous  solution,  it  splits 
up  into  prussic  acid,  benzaldehyde,  and  glucose : — 

C,H,.CO  I 
O  j  p«2^^n'  {     +  2H2O  =  CNH  +  CeH,.COH  +  2CeH„0. 
CNJ 

Emulsin  loses  its  active  properties  when  heated  to  100"* ;  therefore 
in  preparing  oil  of  bitter  almonds  the  paste  must  be  mixed  with  cold 
water,  and  allowed  to  stand  for  some  time  before  it  is  distilled. 

Salicin  C^^H^fi^  is  found  in  the  young  bark  of  several  species  of 
willow  and  poplar,  and  in  castoreum  (the  preputial  follicles  of  the 
beaver).  It  is  obtained  by  exhausting  the  bark  with  boiling  water, 
and  digesting  the  concentrated  solution  w4th  lead  oxide,  to  remove 
gum,  tannic  acid,  &c.  After  filtering,  the  liquid  is  treated  with 
hydrogen  sulphide,  and  the  clear  solution  evaporated  to  the  con- 
sistency of  a  syrup.  On  standing,  salicin  crystallizes  out  in  colour- 
less prisms,  melting  at  198°,  and  possessing  a  bitter  taste. 

By  the  action  of  emulsin  or  saliva  on  its  aqueous  solution  it  is  re- 
solved into  glucose  and  saligenin,  or  salicyl  alcohol : — 

C.H,(OH?uh!  }  O  +  H,0  =  C,n,fi,  +  CeH,(0H)CH^OH 

Chromic  acid-solution  oxidizes  it  to  salicylaldehyde,  formic  acid 
and  carbon  dioxide. 

Populin  CgjjHgjOg  -I-  2H2O  occurs  with  salicin  in  the  barks  and 
leaves  of  the  aspen,  and  is  separated  from  salicin  by  precipitating  it 
with  potassium  carbonate  from  the  aqueous  solution.  It  crystallizes 
in  small  prisms  having  a  sweet  taste.  Boiling  baryta- water  resolves 
it  into  salicin  and  benzoic  acid  : — 

C,H,(0C.H,0)CH2 1  ^  +  "2^  -  C,H,(0H)CH2 1  ^  +  ^7^6^* 

Populin  has  been  produced  artificially  by  the  action  of  benzoyl 
chloride  on  salicin. 

Helicin  C^^^fi^  is  obtained  by  oxidizing  salicin  with  dilute  nitric 
Hcid.  It  is  a  crystalline  substance,  having  a  slightly  bitter  taste.  By 
treating  it  with  emulsin  or  dilute  acids  it  yields  glucose  and  salicyl- 
aldehyde :-- 

C  H  (OH;CO  }  ^  +  ^^0  =  CeH^^O^  -h  CeH,(OH)COH 

Arbutin  Ci^^fii  exists  in  the  leaves  of  the  bearberry  {Arbutm 
Vra-ursi),  from  which  it  is  obtained  in  the  same  way  as  salicin  from 
willow-bark.  It  is  freely  soluble  in  water,  and  crystallizes  in  needles 
having  a  bitter  taste.  Emulsin  or  dilute  acids  decompose  it  into 
glucose  and  hydroquinone  : — 
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C,H  J^H)  }  0  +  H.0  =  C,H,,Oe  +  CeH,(OH), 

Concentrated  nitric  acid  converts  it  into  dinitro-arbutin,  which  by 
boiling  dilute  sulphuric  acid  is  resolved  into  glucose  and  dinitrohydro- 
quinone. 

Phlorizin  CgiHg^O^Q  +  2H2O  occurs  in  the  root-bark  of  the  apple, 
pear,  plum,  ana  cherry-tree,  and  is  obtained  by  exhausting  the  bark 
with  hot  dilute  alcohol.  It  crystallizes  from  boiling  water  in  silky 
needles,  possessing  a  bitter  taste.  On  heating  it  loses  water  and  melt« 
at  108*'.  On  boiling  it  with  dilute  acids  it  splits  up  into  glucose  and 
phloretin ; — 

Phloretin  CigHj^Og  forms  crystalline  scales  ;  boiling  alkalis  decom- 
pose it  into  phloretic  acid  CgH^(OH)C3H502  (page  395)  and  phloro- 
glucin  C«H3(0H),  (page  344). 

Phlorizin  has  therefore  the  following  constitution  : — 

CeHnO,  j  o 
C,H3(0H) 
CeH,(0H)C2H,.C0  |  ^ 

jEsculin  G^Jl^fi^^^  exists  in  the  bark  of  the  horse-chestnut  and 
other  trees  of  the  genera  ^senilis  and  Pavia.  It  is  sparingly  soluble 
in  cold  and  more  freely  in  hot  water,  and  crystallizes  in  colourless 
needles  having  a  bitter  taste.  Its  aqueous  solution,  even  if  very 
dilute,  exhibits  a  beautiful  sky-blue  fluorescence.  By  boiling  dilute 
acids  or  emulsin  it  is  decomposed  into  glucose  and  aesculetin : — 

jEsctdeiin  CgH-0^  is  also  found  in  the  free  state  in  the  bark  of  the 
horse-chestnut.  It  is  sparingly  soluble  in  water,  and  forms  needles 
having  a  bitter  taste.  Boiling  potash  decomposes  it  into  formic  acid, 
oxalic  acid,  and  protocatechuic  acid  CgH3(OH)2CD2H. 

Quercitrin  C33H3QO7  is  the  colouring  matter  of  "  quercitron  "  (the 
bark  of  Querents  tinctoria),  and  occurs  also  in  the  flowers  of  the  horse- 
chestnut.  It  is  sparingly  soluble  in  water,  and  fonns  small  yellow 
crystals.  By  boiling  it  with  dilute  sulphuric  acid  it  yields  isodulcite 
(page  280)  and  quercetin, 

Qicercetin,  or  Flavin  C^^^fiu*  exists  also  in  the  free  state  in  the 
common  heather,  in  tea,  ana  the  root-bark  of  several  trees.  It  is 
sparingly  soluble  in  water,  and  sublimes  in  yellow  needles.  When  it 
is  heated  with  caustic  potash  different  products  are  formed,  among 
which  have  been  found  phloroglucin,  protocatechuic  acid,  and  querci- 
meric  acid  CH3(OH)(C02H)2,  which  crystallizes  in  thick  prisms,  and 
gives  with  ferric  chloride  a  bluish-black  colour. 

The  following  compounds  have  great  resemblance  to  quercitrin; 
they  yield   as  products   of   decomposition   quercetin  and  peculiar 
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sugars,  which  are  different  from  isodulcite.  Rutin  exists  in  cai)ers 
and  the  common  rue ;  Melin  is  the  colouring  matter  of  Persian  berries, 
and  Rdbinin  occurs  in  Rohinia  pseud-acacia. 

Carminic  Acid  Ci^H^gO^  is  found  in  cochineal  and  in  the  flowers 
of  Monarda  didyma.  It  is  prepared  by  exhausting  cochineal  with 
boiling  water,  and  precipitating  the  solution  with  lead  acetate.  The 
precipitate  is  well  washed,  and  decomposed  by  hydrogen  sulphide; 
on  evaporating  the  filtrate  at  a  low  temperature,  carminic  acid  is  ob- 
tained as  an  amorphous  brownish-purple  mass.  Its  salts  are  purple 
or  red;  the  splendid  pigment  "carmine"  is  the  aluminium-com- 
pound. 

When  carminic  acid  is  boiled  with  dilute  sulphuric  acid  it  is  re- 
solved into  a  non-fermentable  sugar  and  carmin-rcd  Cj^H^jOy,  which 
is  a  weak  acid,  and  dissolves  in  water  with  a  red  colour. 

When  heated  with  strong  nitric  acid,  carminic  acid  yields  oxalic 

acid  and  nitrococcusic,  or  trinitrocresotic  add  CJ^O^fi'H.X  CH^W 

+  HgO,  crystallizing  in  lai^e  silvery  plates,  eind  forming  very  explo- 
sive salts.  On  heating  it  with  water  to  180**  it  is  resolved  into  carbon 
dioxide  and  trinitrocrcsol,  which  is  identical  with  that  obtained  fix>m 
coal  tar-cresol. 

By  fusing  carminic  acid  with  potash  it  yields  acetic,  oxalic,  and 
succinic  acids  and  coccinin  C^^HigOg,  a  yellow  crystalline  body. 

Ruficoccin  C^^^Jd^  is  obtained  by  heating  carminic  acid  (or  car- 
mine) with  sulphuric  acid  to  140"*.  It  is  a  red  crystalline  powder, 
which,  when  heated  with  water  under  pressure,  is  converted  into 
orange-red  needles,  and  dissolves  in  alkalis  with  a  red  colour.  By 
heating  it  with  zinc-dust  the  hydrocarbon  CjgH,,  is  obtained,  sub- 
liming in  white  plates,  melting  at  188"*,  eind  yielding  by  oxidation  a 
yellowish-white  quinone.    This  hydrocarbon  is  probably  a  derivative 

CHg 
of  anthracene,  having  the  constitution  Cj^Hg^  | 

Riificarmin  G^^^fi^  has  been  produced  by  heating  carmine  with 

w^ater  to  200°.  It  is  a  carmine-red  powder,  which  is  insoluble  in 
water  but  dissolves  freely  in  alcohol. 

hidican  C^fi^^^O^  occurs  in  all  the  plants  yielding  indigo,  and 
sometimes  in  urine,  and  forms  a  pale-brown  sjrrupy  liquid,  having  a 
bitter  taste.  By  the  action  of  ferments  or  dilute  acids  it  is  decom- 
posed into  indigotin,  a  kind  of  sugar,  and  other  products. 

Frangidin  G^^^O^q  is  prepared  by  exhausting  the  bark  of 
Rhamnus  frangula  with  alcohol.  It  is  a  lemon-yellow  crystalline 
powder,  which  dissolves  in  alkalis  with  an  intense  cherry-red  colour, 
and  is  by  boiling  hydrochloric  acid  resolved  into  glucose  and  frangulic 
acid  (page  451)  :— 

Bubianic  Acid,  or  Rubcrythric  Acid  Cj^H^gOj^  exists  in  the  fresh 
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luadder-root  and  iu  Morinda  dtrifolia.  It  is  obtained  by  exhausting 
the  root  with  water,  and  adding  lead  acetate  to  the  solution  to  pre- 
cipitate several  acids  and  other  bodies.  The  filtrate  gives  with  basic 
lead  acetate  a  precipitate  of  lead  rubianate,  which  is  decomposed  by 
hydrogen  sulphide.  It  crystallizes  in  silky  yellow  needles  ;  by  boil- 
ing it  with  dilute  alkalis  or  acids  it  is  resolved  into  alizarin  and 
glucose.  The  same  decomposition  is  caused  by  the  action  of  a 
ferment,  which  is  contained  in  the  root,  and  has  been  called  eryth- 
Tozyme : — 


TANNIC    ACIDS. 

These  compounds  form  a  group  of  bodies  which  are  widely  diffused 
through  the  vegetable  kingdom.  They  are  soluble  in  water,  and  have 
an  acid  reaction  and  a  very  astringent  taste.  With  ferric  chloride 
they  yield  bluish-black  or  green  precipitates,  and  with  gelatin  they 
form  an  insoluble  compound  They  also  combine  with  animal  skin, 
which  thereby  acquires  the  property  of  resisting  putrefaction.  For 
these  reasons  tannic  acids  or  the  materials  in  which  they  occur  are 
largely  employed  in  the  preparation  of  leather,  ink,  in  dyeing  and 
printing,  &c. 

Tannin,  or  Gallotannic  Acid,  occurs  in  quantity  in  nutgalls,  and 
exists  also  in  sumach  {Ehm  coriaria)  and  some  other  plants.  To  pre- 
pare it,  powdered  nutgalls  are  exhausted  with  commercial  ether ;  the 
solution  soon  separates  into  two  layers,  the  upper  one  consisting 
chiefly  of  ether,  and  the  lower  one  of  a  syrupy  solution  of  tannin  in 
water,  containing  some  ether.  On  evaporation,  tannin  is  left  behind 
as  an  amoiT)hous,  porous,  and  ^friable  mass.  It  is  freely  soluble  in 
water,  less  in  alcohol,  and  only  sparingly  in  ether.  With  ferric  salts 
it  gives  a  bluish-black  precipitate,  and  with  tartar-emetic  a  white  one. 
It  precipitates  also  the  solutions  of  most  alkaloids,  of  starch,  gelatin, 
albumen,  &c. 

When  tannin  is  boiled  with  a  dilute  mineral  acid  it  assimilates 
water,  and  yields  gallic  acid  and  glucose.  The  same  decomposition 
takes  place  when  powdered  nutgalls  are  moistened  with  water  and 
exposed  to  the  air. 

The  formation  of  gallic  acid  is  generally  explained  by  the  equa- 
tion : — 

(J27H22O17  +  4H,0  =  C.H^^Oe  +  SC.Rfi, 

Eecent  researches  have  however  shown  that  commercial  tannin  con- 
tains a  large  quantity  of  digallic  acid  (page  373),  which  by  the  as- 
similation of  water  is  also  converted  into  gallic  acid.  On  the  other 
hand,  there  cannot  be  any  doubt  that  tannin  contains  a  glucoside  of 
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gallic  acid  or  digallic  acid,  because  sugar  has  been  obtained  from  it, 
and  alcohol  is  formed  by  the  fermentation  of  nutgalls. 

Cafeetannic  Acid  CjgH^gOg  exists  in  coffee  and  Paraguay  tea  ;  it  is 
a  yellow  brittle  mass,  which  does  not  precipitate  a  solution  of  gelatin, 
and  gives  with  ferric  chloride  a  green  precipitate.  On  boiling  it  with 
potash  it  yields  a  sugar  and  cafifeic  acid  CgHj(OH)oC«Ho  COJi 
(page  397). 

Quinotannic  Add  is  a  substance  resembling  tannin,  and  exists  in 
combination  w4th  quinine  and  other  alkaloids  in  Cinchona-barks.  It 
gives  with  ferric  chloride  a  green  precipitate,  and  on  boiling  it  with 
an  acid  it  yields  a  sugar  and  cinchona-red  CjgHj^Oj^,  which  also 
occurs  in  the  free  state  in  the  barks ;  it  is  a  brownish-red  amorphous 
body,  having  acid  properties.  By  fusing  it  with  potash  it  yields 
acetic  acid  and  protocatechuic  acid. 

Quercotannic  Acid  is  foi\nd  in  the  bark  of  the  oak,  and  forms  a 
yellowish-brown  mass,  which  precipitates  ferric  salts  deep-blue,  and  is 
resolved  by  boiling  dilute  acids  into  a  sugar  and  amorphous  quereus- 
red ;  on  fusing  this  body  with  potash,  phloroglucin  and  protocat-echuic 
acid  are  produced. 

Similar  tannic  acids  occur  in  the  roots  of  Torm^ntilla  officinalis, 
Kranieria  triandra,  and  Aspidium  Filix-mas.  They  are  resolved  by 
dilute  acids  into  sugars  and  red  amorphous  bodies,  yielding,  by  fusing 
with  potash,  phloroglucin  and  protocatechuic  acid. 

Gatechutannic  Acid  is  a  body  resembling  tannin,  and  is  contained 
in  "  catechu,"  a  brown  extract  which  is  prepared  in  India  from  Acacia 
Catechu  and  other  trees.  It  precipitates  gelatin  and  yields  a  dirty- 
green  precipitate  with  ferric  chloride.  Catechu  contains,  besides  this 
acid,  a  crystalline  body  called  catechin  Cj^HigOg,  which  exists  in 
larger  quantity  in  the  catechu  from  Nauclea  Gamhir.  It  colours  ferric 
salts  green,  and  reduces  the  solutions  of  the  noble  metals.  When 
heated  it  yields  pyrocatechin,  and  when  fused  with  potash  it  is  de- 
composed into  phloroglucin  and  pyrocatechuic  acid. 

Kinotannic  Acid  forms  the  principal  constituent  of  "  kino,"  a  red- 
dish-brown extract,  which  is  prepared  from  the  juice  of  Pterocarpus 
erinoAxus  and  Goccoloba  uvifera.  It  gives  vith  ferric  salts  a  green 
precipitate,  and  yields  phloroglucin  when  it  is  fused  with  potash. 

Moritannic  Acid,  or  Maclurin  C^jH^^Og  +  HgO,  is  the  colouring 
matter  of  "  fustic,"  or  the  wood  of  Mortis  tinctoria,  and  separates  from 
a  hot  aqueous  solution  as  a  yellow  crystalline  powder.  It  colours 
ferric  salts  green,  and  is  resolved  by  potash  into  phloroglucin  and 
protocatechuic  acid. 

Fustic  contains  also  morin  C^gHgO^,  which  is  sparingly  soluble  in 
water,  and  crystallizes  in  pale  yellow  needles.  By  the  action  of 
sodium-amalgam  and  water  it  is  converted  into  phloroglucin. 

Scoparin  G^'Bl^O^q  exists  in  the  common  broom  {Spartium  sco- 
parium),  and  separates  from  alcohol  in  small   colourless   crystals, 
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which  dissolve  in  alkalis  with  a  greenish-yellow  colour,  and  on 
boiling  this  solution  down,  phloroglucin  and  protocatechuic  acid  are 
produced. 


GLUCOSIDES  YIELDING  PRODUCTS  OF  UNKNOWN  CONSTITUTION. 

Fraxin  Cj^Hg^Oj  is  found  in  the  bark  of  the  ash  and  horse  chest- 
nut-tree, and  forms  colourless  needles,  which  are  sparingly  soluble  in 
water,  and  yield  a  fluorescent  solution.  Dilute  acids  resolve  it  into 
sugar  and  crystalline  Fraxetin  Cj^HgOg. 

Pinipicrin  G^^^O^^  is  contained  in  the  bark  and  needles  of  Finns 
sylvestris  and  of  TJiuja  occidentalis.  It  is  a  yellow,  amorphous^  bitter 
powder,  which  by  dilute  boiling  sulphuric  acid  is  resolved  into  sugar 
and  ericinol  C^fiyf},  a  pale  yellow  oil  possessing  a  strong  aromatic 
smell,  and  which  is  also  obtained  by  distilling  the  leaves  of  Ledum 
palustre,  Rhododendron  ferrv^neum,  Calluna  vulgarie,  and  other 
Ericaccm  with  water. 

Convolmdm  CjiHg^Oj^  is  the  active  principle  of  jalap,  and  forms  a 
resinous  mass,  which  is  soluble  in  alcohol  and  in  alkalis ;  the  latter 
solution  contains  bibasic  convolvulic  acid  C^H^jOj-,  an  amorphous, 
sour  substance,  which  is  soluble  in  water.  These  two  compounds  are 
converted  by  the  action  of  acids  or  emulsin  into  sugar  and  convoU 
vulinol  CjgHo^Oj,  which  combines  with  alkalis,  forming  monobasic 
coni'oindinolic  acid  CigHg-O^  which  is  sparingly  soluble  in  waterj  and 
crystallizes  in  small  needles.     Nitric  acid  oxidizes  it  to  ipomic  acid 

Jalapin  Cj^II^^Oj^  is  a  homologue  of  convolvulin,  and  exists  iti  the 
jalap  from  Co^ivolvnlvs  onzahensis.  It  has  great  resemblance  to  con- 
volvulin, yielding  sugar  and  jalapinol  Cj^Hj^jO,,  which  by  alkalis  is 
converted  into  jalapinolic  acid  CjgHjjO^  and  by  nitric  acid  into 
ipomic  acid. 

Similar  resinous  glucosides  exist  in  other  plants  of  the  same 
order ;  the  root  of  Iponiosa  Turpethum  contains  tui'pcthin,  and  that  of 
Convolvulus  Scammonia  a  compound  called  8cammonin% 

Helleborein  C^^^^  is  contained  in  the  root  of  the  Christmas-rose 
(Hclleborus  niger).  It  crystallizes  from  water  in  small  needles,  and  is 
a  narcotic  poison.  With  dilute  acids  it  yields  sugar  and  amorphous 
helleboretin  Cj^H^gOj. 

Hellcborin  Cjgfl^gOg  is  found  together  with  some  helleborein  in  the 
root  of  Helleboi'us  viridis.  It  is  insoluble  in  water,  and  forms  glisten- 
ing needles.  It  is  a  powerful  poison,  and  by  boiling  it  with  an  acid 
is  resolved  into  sugar  and  amorphous  hellehoresin  Cj^RggO^. 

Saponin  C^jHj^Ojg  is  contained  in  the  root  of  Saponaria.offidndlis, 

OypsophUa  Struthium,  Agrosiema  Githa^o,  and  different  species  of 

Lychnis,  in  Polygala  Senega,  in  the  seeds  of  the  horse-chestnut,  and 

many  other  plants.      It  is  a  white  amorphous  powder,  having  a 

C  U  H 
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sweetish  astringent  taste.  Its  dust  produces  violent  sneezing,  and  its 
aqueous  solution,  when  shaken,  froths  like  a  soap- solution.  Fuming 
hydrochloric  acid  resolves  it  into  an  amorphous  sugar  and  sapogenin 

Citincin  C^H^Oig  is  found  in  the  cainca-root  (CJiiococca  racemosa), 
and  ciystallizes  in  slender  prisms.  Hydrochloric  acid  decomposes  it 
into  sugar  and  cavncetin  CggHj^Og,  which  when  fused  with  potash  is 
resolved  into  butyric  acid  and  ca'incigenin  Cj^Hg^Og. 

Chinovin  Cj^H^Og  has  been  found  in  China  nova  and  other  cin- 
chona-barks. It  is  an  amorphous  powder,  which  is  insoluble  in 
water,  and  by  boiling  it  with  an  acid  yields  mannitane  and  chinovic 
acid  CgiHjgO^,  which  is  insoluble  in  water,  sparingly  soluble  in  boil- 
ing alcohol,  and  forms  a  white  crystalline  powder.  It  is  a  bibasic 
acid,  and  apparently  homologous  with  the  phthalic  acids. 

Glycyrrhiciny  or  Liquorice-sugar  C24^36^9»  ^^  ^^®  sweet  principle 
contained  in  the  root  of  the  common  liquorice,  and  is  prepared  by 
precipitating  an  aqueous  infusion  of  the  root  with  basic  lead  acetate, 
and  decomposing  the  washed  precipitate  with  hydrogen  sulphide.  It 
is  a  yellowish  amorphous  powder,  having  a  sweet  and  acrid  taste. 
When  boiled  with  a  dilute  acid,  it  is  resolved  into  sugar  and  resinous 
glycyrretin, 

Daphnin  CgjHg^Oig  +  4HoO  is  found  in  the  bark  of  the  inezereon 
and  other  species  of  Daphne,  It  is  almost  insoluble  in  cold  water, 
and  crystallizes  from  a  boiling  solution  in  colourless  prisms.  Dilute 
acids  decompose  it  into  sugar  and  daphnetin   G^^^fi^ 

Digitalin  is  a  most  violent  poison,  existing  in  the  common  foxglove, 
and  forms  an  amorphous  powder  having  an  intensely  bitter  taste.  Its 
composition  is  not  known  ;  acids  resolve  it  into  sugar  and  amorphous 
digitalretin, 

Antiarin  is  the  active  principle  of  the  arrow-poison  of  Java,  which 
is  prepared  from  the  milky  juice  of  Antiaris  toxicaria.  It  forms 
colourless  crystals,  and  is  soluble  in  water  and  alcohol  It  has  not 
been  analyzed ;  acids  convert  it  into  sugar  and  a  resinous  substance. 

Cyclamin  O^i^^fiio  occurs  in  the  tubers  of  Cyclamen  europctvm, 
and  is  resolved  into  sugar  and  cyclamiretin  Ci^H^^Og. 

On/)nin  CgoHj^Oij  is  contained  in  the  root  of  Ononis  spinosa,  and  is 
decomposed  by  boiling  hydrochloric  acid  into  sugar  and  forinoiuttin 
^24^22^7*  which  by  alkalis  is  resolved  into  ononetin  CgjHjgO^  and 
formic  acid. 

Coniferin  occurs  in  the  cambial  liquid  of  the  Coniferas^  and  has 
been  resolved  into  sugar  and  a  resin. 

Menyanthin,  which  is  found  in  Menyanthes  trifoliata,  yields  with 
acids  sugar  fiuid  inenyanthol  CgHgO,  which  is  a  liquid  resembling  oil 
of  bitter  almonds,  and  when  exposed  to  the  air  is  oxidized  to  an  lu^id 
of  unknown  composition. 

Polychr&iU  C^gH^Oig  is  the  colouring  matter  of  saffron,  and  forms 
an  amorphous,  deliquescent,  ruby-red  mass.  When  boiled  with  a 
dilute  acid  it  yields  sugar,  crocin,  and  a  volatile  oiL    Crocin  Cj^Hj^O^ 
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is  a  red  powder,  which  is  insoluble  in  water,  but  dissolves  in  alcohol 
and  alkalis.  The  volatile  yellow  oil  has  the  composition  C^^U^fi, 
and  smells  strongly  like  safifron. 


ANIMAL  GLUCOSIDEfl. 

Chitin  CgHj^NOg  is  the  principal  constituent  of  the  horny  cover  of 
beetles  and  crustaceans.  To  prepare  it,  the  wing-cases  of  the  cock- 
chafer are  exhausted  successively  with  boiling  water,  dilute  potash, 
dilute  hydrochloric  acid,  alcohol,  and  ether.  Chitin  is  left  behind  as 
a  colourless,  translucent  mass.  With  concentrated  sulphuric  acid  it 
forms  a  colourless  solution,  which,  when  diluted  with  w6,ter  and 
boiled,  contains  ammonia,  a  fermentable  sugar,  and  other  products. 

Cerebrin  CiyHggNOg  is  a  constituent  of  the  brain,  and  prepared  by 
exhausting  brain  with  boiling  water,  which  removes  inosite,  volatile 
fatty  acids,  lactic  acids,  creatine,  uric  acid,  and  other  bodies.  The 
residue  is  then  treated  with  boiling  ether,  which  dissolves  cholesterin, 
lecithin,  and  cerebrin,  which  latter,  being  insoluble  in  cold  ether, 
separates  out  on  cooling.  It  is  a  light,  amorphous  powder,  without 
taste  or  smell ;  with  boiling  water  it  forms  a  gelatinous  mass,  and 
boiling  dilute  acids  convert  it  into  sugar  and  other  unknown  bodies. 


ARTIFICIAL   BASES   FROM   VARIOUS   SOURCES. 


BASES   FROM   ANIMAL   OIL. 


Pyridine 
Ficoline 
Lutidine 
CoUidine 


Parvoline . 
Coridine  . 
Rubidine  . 
Viridiue    . 


^9  ^\Z^ 

CuH„N 
CuH„N 


These  bases  occur  in  "Dippel's  oil"  (Oleum  animate  Dippelii)^ 
which  is  produced  by  the  dry  distillation  of  bones  and  other  animal 
matter,  and  occur  also  in  coal-tar.  They  differ  from  the  isomeric 
aromatic  amido-compounds  by  being  tertiary  bases,  which  combine 
with  the  iodides  of  the  alcohol-radicals  to  form  compound  ammonium 
iodides.  Their  hydrochlorides  yield  with  the  chloride  of  gold  and 
platinum  double  salts  which  readily  crystallize. 

Pyridine  C5H5N  exists  also  in  the  products  of  combustion  of 
tobacco ;  it  is  a  limpid  liquid,  which  is  soluble  in  water,  possesses  a 
strong  and  persistent  odour,  and  boils  at  11 7^  It  is  also  produced, 
but  in  a  small  quantity  only,  by  treating  an  alcoholic  solution 
of  amido-azonaphthalene  with  hydrochloric  acid  and  tin  eind  by  the 
action  of  phosphorus  pentoxide  on  amyl  nitrate : — 

CjHuNO,  =  3H2O  -h  C,H,N       ' 

H  E  2 
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It  forms  a  sul phonic  acid  with  fuming  sulphuric  acid,  and  by  add- 
ing potash  to  a  solution  of  pyridine-ethylammonium  hydroxide  a  red 
body  is  gradually  formed,  dyeing  a  beautiful  red  shade  on  silk. 

Sodium  converts  pyridine  into  bases  which  are  richer  in  hydrogen, 
and  into  dipyridine  CioHi^Ng,  which  forms  colourless  crystals  melting 
at  108''.  It  yields  crystallizable  salts,  and  is  not  acted  on  by  concen- 
trated nitric  acid. 

Picoline  CgH^N  is  a  liquid  resembling  pyridine,  and  boiling  at  IBS'*. 
It  has  been  obtained  artificially  by  the  dry  distillation  of  aci*olein- 
ammonia ; — 

C^H^NO  =  CeHyN  +  HgO 

and  by  heating  propenyl  tribromide  with  alcoholic  ammonia ;  first 
dimonobromallylamine  is  formed,  which  by  the  further  action  of  am- 
monia is  converted  into  picoline  : — 

CcHjjBr^lSr  =  CeH^lSr  +  2HBr 

Zutidine  C^HgK  is  a  liquid  resembling  picoline,  and  boils  at  154*. 

Collidine  CgHuNo  is  an  oily  liquid  boiling  at  176°,  and  possessing 
a  powerful  odour.  It  has  been  produced  artificially  by  heating  alde- 
hyde-ammonia with  absolute  alcohol  to  130''.  In  this  reaction  the 
acetaldehyde  is  probably  first  converted  into  crotonaldehyde,  which  is 
then  transformed  into  collidine : — 

2C,He02  +  NH3  =  CgHi^N  +  2H2O 

The  same  base  has  been  obtained  by  heating  ethidene  dibromide 
with  aqueous  ammonia  to  160°. 

The  other  bases  belonging  to  this  group  are  also  liquids  possessing 
a  strong  odour ;  their  constitution  is  not  definitely  known,  but  they 
contain  the  nitrogen  only  combined  with  carbon,  and  the  carbon- 
atoms  probably  linked  together  in  a  closed  chain ;  this  appears  the 
more  probable  as  pyridine  has  been  obtained  from  naphthalene^  and 
the  constitution  of  the  first  member  appears  to  be  the  following  : — 

CH 

/X 
HC      CH 


HC      CH 

N 


BASES  CONTAINED  IN  COAL-TAR. 

Leucoline  .    .    .  C^  H^N  Cryptidine    .    .  Ci^Hi^N 

Iridoline    .    .     .  C^^Hj^N 
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BASES  FORMED   BY  THE  DESTRUCTIVE   DISTILLATION   OF   ALKALOIDS. 

Chinoline .     .  .  Cg  H^  N".  Pentahiroline     .  CijHigN" 

Lepidine  .    .  .  G^oHg  N  Isoline  ....  Cj^Hj^N 

Dispoline  .    .  .  Cj^H^N  Ettidine    .     .     .  CigHij^N 

Tetrahiroline .  .  CigH^gN  Validine    .    .     .  CjgHgiN 

Chinoline  C^HyN"  has  been  produced  by  distilling  quinine',  cin- 
chonine,  strychnine,  and  other  alkaloids  with  potash.  It  is  a  colour* 
less  liquid,  possessing  a  strong  aromatic  odour,  and  boiling  at  220**. 
Its  salts  are  soluble  in  water,  and  crystallize  well.  Fuming  sulphuric 
acid  converts  it  into  chinolincsulphonic  acid  CgHgN.SOjH,  forming 
hard,  shining  crystals,  and  yielding  an  amorphous  barium  salt,  which 
is  sparingly  soluble  in  water.  When  bromine-vapour  comes  in  con- 
tact with  chinoline  it  is  converted  into  tribromocJiinoline  C^H^BrgN, 
crystallizing  in  soft  silky  needles. 

Cyaninc  CggHj^Ngl. — This  beautiful  compound  is  produced  by 
treating  chinoline-amT/lammonium  iodide  (CgHy.C^HuJNI  with  caustic 
potash.  It  crystallizes  in  brilliant  plates  having  a  beetle-green  lustre, 
and  dissolving  in  alcohol  with  a  magnificent  blue  colour.  On  dissolv- 
ing it  in  hot  hydriodic  acid  a  colourless  solution  is  obtained,  which  on 
cooling  deposits  yellow  needles,  containing  CggHg^Ngl  +  IH.  With 
other  acids  it  forms  similar  compounds,  which  are  decomposed  by 
boiling  water  into  free  acid  and  the  coloured  salt. 

The  homologues  of  chinoline  are  capable  of  producing  similar  blue 
compounds.  A  mixture  of  the  chinoline  and  lepidine-compound  was 
some  time  ago  used  for  dyeing  on  silk  a  pure  and  rich  blue,  but  its 
use  has  been  abandoned,  on  account  of  it  being  rapidly  acted  upon  by 
light  and  destroyed. 

Lciicoline  was  formerly  believed  to  be  identical  with  chinoline,  from 
which  it  differs  by  boiling  at  238°,  and  not  yielding  a  blue  colour 
with  amyl  iodide  and  potash. 

Chinoline  has  a  great  resemblance  w4th  pyridine,  and  stands  pro- 
bably in  the  same  relation  to  this  base  as  naphthalene  to  benzene, 
and  its  constitution  would  therefore  be : — 

Hc     cri 

/  X/  X 
HC        C        CH 


i: 


HC        C        CH 

N     c: 


^-^^4i 
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NATURAL   BASES    OR   ALKALOIDS. 

Many  plants,  and  principally  those  of  medical  or  poisonous  pro- 
perties, contain  basic  compounds  which  are  called  alkaloids.  They 
contain  nitrogen,  and  a  few  of  them  are  volatile,  and  have  great 
resemblance  with  compound  ammonias ;  the  majority,  however,  have 
a  more  complicated  constitution,  and  are  decomposed  by  heat. 

Most  of  them  are  sparingly  soluble  in  water,  more  freely  in  alcohol ; 
the  solutions  have  an  alkaline  reaction,  and  usually  an  intensely 
bitter  taste.  They  combine,  like  ammonia,  with  acids,  forming  crys- 
tallizable  salts,  which  are  more  freely  soluble  than  the  bases.  Their 
hydrochlorides  form,  with  the  chlorides  of  gold,  platinum,  mercury, 
Ac,  crystalline  double  salts. 

Most  alkaloids  axe  precipitated  from  their  solutions  by  tannin,  the 
double  iodides  of  potassium,  and  mercury,  cadmium  and  bismuth, 
phosphomolybdic  acid,  phosphoantimonic  acid,  metatungstic  acid, 
picric  acid,  and  a  solution  of  iodine  in  potassium  iodide.  By  treating 
these  precipitates  with  an  alkali,  the  bases  are  set  free,  and  the  above 
reactions  are  therefore  frequently  made  use  of  in  the  preparation  or 
detection  of  alkaloids. 


VOLATILE   ALKALOIDS. 

Conine  CgHj^N  exists  in  all  parts  of  the  true  hemlock  {Coniuni 
maculatum),  principally  in  the  seeds,  from  which  it  is  obtained  by 
distilling  them  with  dilute  soda-solution.  The  distillate  is  neutralised 
with  sulphuric  acid,  evaporated  to  the  consistency  of  a  syrup,  and 
then  distilled  with  concentrated  soda. 

Conine  is  an  oily  liquid  having  the  specific  gravity  0*89,  boiling  at 
16y'5y  and  turning  the  plane  of  polarization  to  the  right.  It  pos- 
sesses a  nauseous  and  sharp  taste  and  disagreeable  smell ;  it  dis- 
solves to  some  extent  in  cold  water,  and  this  solution  becomes  turbid 
on  heating  it  gently,  conine  being  more  soluble  in  cold  than  in  warm 
water.  When  in  contact  with  air,  it  colours  brown,  and  is  slowly  de- 
composed with  the  formation  of  ammonia;  the  solutions  of  its  salts 
undergo  a  similar  change.  On  oxidation  it  yields  butyric  acid,  and 
when  nitrogen  trioxide  is  passed  into  it,  a  yellow  thick  liquid  is 
formed,  which  by  water  is  decomposed  into  nitric  acid  and  azocony- 
drine  C^}l^Q(NO)if,  a  pale  yellow  oil,  which  is  reconverted  into  conine 
by  the  action  of  nascent  hydrogen  : — 

C3H,,rN0)N  -h  2H,  -  CgHj.N  +  H,0  -h  NH, 

When  azoconydrine  is  heated  with  phosphorus  pentoxide,  it  is  re- 
solved into  water,  nitrogen,  and  conyUne  CgHj^,  which  is  a  homologue 
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of  acetylene ;  it  is  a  very  refractive  liquid,  boiling  at  126**,  and  form- 
ing with  bromine  conylene  dibromide  CgHj^Brn,  a  heavy  oil,  possessing 
a  disagreeable,  pungent  smell.  Conylene  is  the  dyad  radical  of 
Conine  C''8Hi,.NH. 

Meihylconine  C^^JSGK^  occurs  sometimes  in  hemlock,  and  is 
readily  prepared  by  the  action  of  methyl  iodide  on  conine.  It  has 
great  resemblance  to  conine,  and  combines  with  methyl  iodide,  form-* 
ing  crystalline  conine-mdhylammonmm  iodide  N(C"gHjj(CHj)2l, 
which  by  the  action  of  moist  silver  oxide  is  converted  into  the 
caustic  and  alkaline  hydroxide. 

Conydrine  CgHj^ON  exists  also  in  hemlock,  and  forms  colourless, 
iridescent  plates.  It  melts  at  120''G,  boils  at  225°,  and  sublimes 
readily  at  a  lower  temperature.  When  heated  with  phosphonis 
pentoxide  it  is  resolved  into  water  and  conine.  It  forms  crystalline 
salts,  and  is  not  acted  upon  by  nitrogen  trioxide.  By  treating  it  with 
ethyl  iodide  it  forms  conydrine'diethylamine  hydriodide  N^CgHj^O) 

Paraconine  CgHjgK — This  isomeride  of  conine  has  been  producexl 
synthetically  by  the  action  of  alcoholic  ammonia  on  butyraldehyde, 
which  thereby  is  converted  into  dihutyraldine  CigHi^ON,  which  is 
isomeric  with  conydrine,  and  is  by  distillation  resolved  into  water 
and  paraconine. 

Paraconine  is  a  liquid  boiling  at  160°  to  170° ;  its  odour  and  taste 
resembling  those  of  conine,  and  its  aqueous  solution  becomes  turbid 
on  heating.  Like  conine,  it  is  a  powerful  narcotic  poison,  but  differs 
from  it  by  being  a  tertiary  base  and  possessing  no  rotatory  power. 

The  constitution  of  these  different  compounds  may  be  explained  by 
the  following  formulae : — 

Conine.  Paraconine. 

CH.CH2.CH2.CHj  CH.CHg.CHj-CHj 


CH.CH2.CH2.CH=NH  N.CH=CH.CH2.CH3 

Conydrine.  Dibutyraldin. 

CHCHj-CHg-CHg  HO.CH.CH2.CH2.CHg 


/OH 


CH.CH2.CH2.CHQ^  HN.CH=CH.CH.,CH, 


.jV-ZXXg 


Nicotine  Cj^Hi^N^  occurs  in  the  seeds  and  leaves  of  different  kinds 
of  tobacco.  The  common  sorts  contain  about  8  per  cent.,  and 
Havanna  tobacco  only  2  per  cent.  To  prepare  nicotine,  the  leaves 
are  exhausted  with  Very  dilute,  warm  sulphuric  acid,  and  the  concen- 
trated solution  distilled  with  potash.  The  distillate  is  shaken  with 
ether,  which  dissolves  the  nicotine ;  on  evaporation  it  is  obtained  as 
an  oil,  which  is  purified  by  distilling  it  over  lim3  in  a  current  of 
hydrogen. 

Nicotine  is  a  colourless  oil,  possessing  a  faint  smell  of  tobacco  in 
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the  cold,  but  on  Iieating  it  becomes  nauseous  and  pungent  It  bas 
the  specific  gravity  l'0+8  at  0°,  and  boils  under  decomposition  at 
250°,  but  volatilizes  without  change  in  a  current  of  hydrogen  at  about 
180°.   It  is  a  hi-acid  base,  forming  salts  which  do  not  crystallize  welL 

Nicotine  is  a  tertiary  amine,  and  forms  with  ethyl  iodide  the  crys- 
talline nicotiru-efhylammonium.  di-iodide  Nj(C,uHj,)(C,Hb)jIp  which 
with  moist  silver  oxide  yields  the  caustic  and  strongly  alkaline 
hydroxide. 

It  combines  with  bromine,  forming  the  compound  C',|,HjjBr^NyBrH, 
■which  crystallizes  in  light-red  prisms,  and  is  converted  by  boiling 
water  into  dibromonicoiint  hydrobromide  CjoH,jBrgNj.BrH ;  by  de- 
composing this  compound  with  ammonia,  dibromonicotine  is  obtained, 
crystallizing  from  hot  water  in  long  colourless  needles. 

NKolinie  Acid  Cj^HgN^O,  is  obtained  by  oxidizing  nicotine  with 
fuming  nitric  acid  or  chromic  acid  solution.  It  forma  colourless 
crystals,  which  can  be  sublimed,  and  possesses  a  strongly  acid  tast^ 
It  forms  not  only  metallic  salts,  but  combines,  like  an  amido-com- 
pound,  with  strong  acids.  The  hydrochloride  2C,oHgN(Oj  -1-  3HC1 
forms  colourless  prisms,  and  gives  with  platinic  chloride  a  double  salt 
4C,oHgN,Og  +  6HC1  -I-  SPtCl,  +  8H  0,  crystallizing  in  beautiful 
orange-red,  oblique  prisms.  On  distilling  the  calcium  salt  with  lime, 
nitic^en  ia  given  off  and  pyridine  distils  over. 


ALKALOIDS  OCCURRING  IS   OPIUM. 

Opium  is  the  inspissated  juice  of  the  capsule  of  the  poppy 
{Papaver  somniferum),  and  prepared  in  large  quantity  in  Asia  Minor, 
Turkey,  E^pt,  India,  and  Southern  Germany.  It  is  a  very  compli- 
cated substance,  containing  a  number  of  alkaloids  in  combination  with 
meconic  and  sulphuric  acids,  and  gummy  and  resinous  matters,  cnout- 
cbouc,  &c. 

The  best  opium  from  Smyrna  contains  about  10  per  cent,  of  mor- 
phine.   The  following  opium-alkaloids  are  known: — 

Morphine  .  .  Ci-HmN'O^  Meconidine  .  .  CjiHjjNO, 

Oxymorphine  .  0|llli^|,NO,  Laudanosine  .  .  CjiHj-NO, 

Codeine     .  .  .  €,gH,,N()3  Hhojadine  .  .  Cj,H  'nO. 

Thebaine  .  .  ,  C\„H;,X0,  Cryptopine  .  .  CjjHgjNO, 

Codamine  ,  .  C^Hj^NOj  Narcotine .  .  .  Cj^Hg^NO^ 

lAudanine  .  .  Cg^H^NO^  Lauthopiae  .  .  C^jH^^NO, 

Protopine .  .  .  CjolI^^NOt,  Narceine   .  .  .  C^H^XO, 

Papaverine  .  .  CjiHjjSO^ 

Of  these  compounds  only  morphine  and  narcotine  exist  in  lai^ 
quantities.  Opium  is  a  most  valuable  medicine  ;  when  given  in  a 
small  dose  it  acts  as  a  sedative  and  anodyne,  and  produces  a  quiet 
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•sleep,  although  it  increases  the  rapidity  and  fulness  of  the  pulse.  In 
larger  doses  it  acts  as  a  narcotic  poison,  producing  intense  sleepiness, 
stupefaction,  and  death. 

The  most  violent  poison  is  thebaine ;  then  in  succession  less,  nar- 
ceine,  papaverine,  codeine,  morphine,  and  narcotine. 

Morphine  is  prepared  on  the  large  scale  by  exhausting  opium  with 
a  small  quantity  of  warm  water,  and  adding  calcium  chloride  to  the 
solution ;  a  precipitate  of  calcium  meconate  and  sulphate  is  obtained, 
and  the  solution  contains  the  hydrochlorides  of  the  bases.  On  leav- 
ing the  concentrated  solution  to  stand,  the  salts  of  morphine,  codeine, 
and  oxymorphine  crystallize  out,  and  are  separated  by  adding  ammonia 
to  their  aqueous  solution,  by  which  only  morphine  is  precipitated. 

Morphiiie  Ci^Hj^NOg  +  H2O  crystallizes  from  alcohol  in  shining 
prisms,  dissolving  in  1000  parts  of  cold  and  500  parts  of  boiling 
water ;  it  is  almost  insoluble  in  ether  and  chloroform,  but  dissolves  in 
caustic  alkalis.  When  heated,  it  loses  the  water  of  crystallization 
and  melts,  forming  a  colourless  liquid,  which  on  cooling  solidifies  to  a 
crystalline  mass. 

Morphine  Hydrochloride  Cj7HijjN"03.ClH  -f  SHgO  dissolves  freely  in 
alcohol  and  boiling  water,  ana  crystallizes  in  thin  prisms. 

Morphine  Sulphate  2(Ci7HigN03)SO^H2  +  SHjO  is  a  similar  body. 
Morphine  Acetate  is  very  soluble  in  water,  and  does  not  ciystallize 
well. 

When  morphine  is  heated  with  potash,  it  yields  methylamine.  By 
adding  ferric  chloride  a  solution  of  a  neutral  salt  of  morphine  of  a 
<leep-blue  colour  is  produced,  and  a  solution  of  molybdic  acid  in  con- 
centrated sulphuric  acid  gives  with  dry  morphine,  or  one  of  its  salts, 
a  magnificent  violet  colour,  which  in  the  air  first  turns  into  a  greenish- 
brown,  and  then  becomes  deep-blue.  Morphine  decomposes  iodic 
acid,  iodine  being  set  free,  which  can  easily  be  recognised  by  starch- 
paste.  When  morphine  is  heated  with  strong  sulphui'ic  acid  to  100®, 
and  a  drop  of  nitric  acid  is  added,  the  liquid  assumes  a  deep  blood- 
red  colour. 

Morphine  and  its  salts  are  much  used  in  medicine ;  they  act  more 
agreeably  than  opium,  and  are  less  exciting,  and  less  liable  to  produce 
nausea  or  headache. 

Apomorphine  Cj^Hj^NOg  is  produced  by  heating  morphine  with  a 
large  excess  of  hydrochloric  acid  for  some  hours  to  150°: — 

C,,H,,N03  =  C,,H„NOj  +  H,0 

By  decomposing  its  hydrochloride  with  acid  sodium  carbonate,  the 
free  base  is  obtained  as  a  white  amorphous  powder,  which  in  the  air 
rapidly  turns  green.  It  is  more  freely  soluble  in  water  and  ether 
than  morphine ;  the  green  oxidized  apomorphine  dissolves  in  ether 
with  a  splendid  dark-pink,  and  in  chloroform  with  a  violet  colour. 

The  physiological  action  of  apomorphine  is  entirely  different  from 
that  of  morphine;  a  very  small  dose  of  the  hydrochloride  produces 
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speedy  vomiting  and  considerable  depression,  but  this  soon  passes  off 
without  leaving  any  ill  effects. 

Os^ipnorjphiiUy  or  Psetidomorphine  CiyHjgNO^,  does  not  always  occur 
in  opium,  and  is  obtained  by  heating  morphine  hydrochloride  with 
silver  nitrite.  It  is  a  white  powder,  which  gives  reactions  similar  to 
those  of  morphine. 

Codeine,  or  Methyl-morphine  0-^^11^^(011  ^T^O^,  is  precipitated  from 
the  concentrated  ammoniacal  solution  by  caustic  soda ;  it  is  freely 
soluble  in  alcohol,  ether,  ammonia,  and  boiling  water,  and  crystallizes 
in  large  transparent  octahedrons.     It  is  also  used  in  medicine. 

When  heated  with  an  excess  of  hydrochloric  acid  on  a  water-bath, 
it  is  converted  into  cidorocodide : — 

CjgH^NOs  +  HCl  =  CigH^ClNO,  +  H^O 

Chlorocodide  is  obtained  by  adding  an  alkali  to  the  solution  of  the 
hydrochloride  as  a  snow-white  mass,  which  readily  dissolves  in  alcohol 
and  ether.  On  heating  the  hydix)chloride  with  water  to  140**,  codeine 
is  reproduced : — 

HgO  -h  Ci7H,7(CH3)ClNOj  =  HCl  +  CiyHi7(CH3)(OH)N02 

When  chlorocodide  is  heated  with  hydrochloric  acid  under  pressure 
it  is  resolved  into  methyl  chloride  and  apomorphine  : — 

Ci7Hi7(CH3)CIN02  =  C17H17NO2  +  CH3CI 

Narcotine  Ci9Hi4(CH3)3N07  is  partly  left  behind  in  the  '*  marc,"  or 
insoluble  portion  of  opium,  from  which  it  is  extracted  with  acetic 
acid.  It  crystallizes  in  small,  glistening,  white  prisms,  melting  at 
170°,  and  is  tasteless  and  almost  insoluble  in  water.  It  dissolves 
readily  in  acids,  but  does  not  form  well-defined  salts. 

When  narcotine  is  heated  with  water  to  250°,  it  yields  trimethyl- 
amine,  and  by  heating  it  with  fuming  hydriodic  acid  it  is  resolved 
into  three  molecules  of  methyl  iodide  and  a  new  base  called  nornaco- 
tine  CipHiyNOy.  Products  standing  intermediate  between  this  com- 
pound are  formed  by  heating  narcotine  with  hydrochloric  acid  ;  the 
first  product  being  dimethyl-nornawtine  Cjgli-^^{0H^^1^0^y  which  by 
the  further  action  of  the  acid  is  transformed  into  methyl-nornacotine 
Ci,H„(CH3)N0,. 

Above  200°  narcotine  is  resolved  into  meconin  and  cotarnine,  and 
oxidizing  agents  convert  it  into  cotarnine  and  opianic  acid. 

Cotarnine  CigHjgNOg  is  a  base  crystallizing  from  hot  water  in 
colourless  prisms.  By  the  continued  action  of  hot  dilute  nitric  acid 
it  yields  methylamine  and  cotarnic  acid  Cj^HjgOg,  and  concentrated 
sulphuric  acid  converts  it  into  apophyllenic  acid  CgH^NO^  which 
forms  large  colourless  crystals. 

Meconine  Ci^Hj^O^  occurs  also  in  the  free  state  in  opium,  and  crys- 
tallizes from  hot  water  in  brilliant  prisms  melting  at  110".  It  has 
the  properties  of  an  alcohol,  and  forms  compound  ethers. 

Opianic  Acid  O^^^Jd^  forms  thin  prisms,  which  are  not  freely 
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soluble  in  water.  It  has  the  properties  of  an  aldehyde,  and  yields  on 
oxidation  hemipinic  acid  Cj^Hj^Og,  which  is  also  obtained  together 
with  meconin  when  opianic  acid  is  heated  with  potash-solution. 

Hemipinic  Add  O^^^Jd^^  crystallizes  in  large  four-sided  prisms, 
which  melt  at  180°,  and  sublime  without  decomposition.  By  heating 
it  with  concentrated  hydriodic  acid  it  yields  oxalic  acid,  methyl 
iodide,  and  two  isomeric  acids  Ci^Hj^Og. 

Opinic  Acid  crystallizes  from  hot  water  in  brilliant  prisms,  and 
gives  with  ferric  chloride  a  lilac  colour. 

Isopinic  Acid  forms  small  warty  needles,  dissolving  more  freely 
than  opinic  acid,  and  yielding  a  deep-blue  colour  with  ferric  chloride. 

Theba'ine  Ci^HgiNOj  crystallizes  from  dilute  alcohol  in  plates  re- 
sembling benzoic  acid,  and  from  strong  alcohol  in  thick  prisms,  melt- 
ing at  193°.  It  is  a  strong  base  and  a  violent  poison,  producing  tetanus. 
In  concentrated  sulphuric  acid  it  dissolves  with  a  blood- red  colour. 

By  heating  it  with  hydrochloric  acid  it  is  converted  into  thebenine 
hydrochloride,  crystallizing  in  large  laminae  having  a  bitter  taste,  and 
consisting  of  Ci^HgiNOg.ClH  -f  SHgO.  On  adding  normal  sodium 
sulphide  to  its  solution,  thebenine  is  obtained  as  a  white  flocculent 
precipitate,  which  rapidly  oxidizes  in  the  air.  It  is  isomeric  with 
thebaine,  but  differs  from  it,  by  dissolving  in  sulphuric  acid  with  a 
splendid  blue  colour. 

Codamine  CjoHg^NO^  crystallizes  from  benzene  in  smaU  prisms 
melting  at  12G°,  and  giving  with  ferric  chloride  or  concentrated 
nitric  acid  a  deep-green  solution. 

Laudanine  CgoHj^NO^  forms  small  prisms  melting  at  1G6° ;  it  gives 
with  concentrated  nitric  acid  an  orange-red  solution,  and  with  ferric 
chloride  an  emerald-green  colour. 

Protopiiie  Cj^HigNO^  forms  small  prisms  melting  at  202° ;  it  gives 
no  colour  with  ferric  chloride,  and  dissolves  in  sulphuric  acid  contain- 
ing ferric  sulphate  with  a  dark-violet  colour. 

Papaverine  Cg^HgiNO^  crystallizes  from  alcohol  in  colourless  prisms, 
dissolving  in  hot  sulphuric  acid  with  a  dark-violet  colour;  on  adding 
water  to  this  solution  brown  amorphous  flakes  separate  out,  dissolving 
in  alkalis  with  a  splendid  purple  colour. 

Nitropapaverine  C2iH2q(NOj)NO^  +  HgO  is  obtained  by  the  action 
of  strong  nitric  acid  on  papaverine,  and  crystallizes  in  yellowish 
needles.     It  is  a  base  forming  cr3^stalline  salta 

Mcconidine  CgiH^gNO^  is  an  amorphous  mass  which  is  soluble  in 
caustic  potash.  It  forms  amorphous  unstable  salts,  and  dissolves  in 
sulphuric  acid  with  an  olive-green  colour. 

Laxuianosine  C^iHjyNO^  is  very  soluble  in  ether,  and  crystallizes 
from  benzene  in  beautiful  white  needles  melting  at  89°.  It  dissolves 
in  sulphuric  acid  containing  ferric  sulphate  with  a  brownish-red 
colour,  which  on  heating  first  becomes  green  and  then  dark-violet. 

Bhoeadine  C^^^^O^  exists  in  Papaver  Bhceas,  and  also  sometimes 
in  opium.  It  is  a  tasteless  crystalline  powder,  and  has  no  poisonous 
properties. 
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Cryptopine  CjjHj-NOg  crystallizes  from  alcohol  in  short,  hexagonal 
prisms,  melting  at  217^  Its  salts  taste  bitter  and  cooling  like  pepper- 
mint. In  concentrated  sulphuric  acid  it  dissolves  with  a  deep-violet 
colour. 

Nitrocryptopine  C^H2o(N02)N05  is  produced  by  the  action  of  dilute 
nitric  acid  crystallizing  horn  alcohol  in  pale-yellow  plates,  which  are 
coloured  blood-red  by  concentrated  sulphuric  acid. 

Lanthopine  CjjH^NO^  is  very  sparingly  soluble  in  alcohol,  and 
crystallizes  from  chloroform  in  white  prisms.  It  dissolves  in  concen- 
trated sulphuric  acid  with  a  pale-violet  colour,  which  turns  dark- 
brown  on  heating. 

Narceine  CjgH«jjNOg  is  readily  soluble  in  boiling  water,  and  forms 
colourless  crystals;  when  given  in  a  small  dose  it  produces  quiet 
sleep.     Iodine  colours  its  solution  blue,  like  starch -paste. 


ALKALOIDS  OCCURRING  IN  STRYCHNOS-SPECIES. 

Tlie  seeds  of  Strychnos  Niix-vomica  and  Strychnos  Ignatius  contain 
two  very  poisonous  bases. 

Strychnine  G^U^l^^O^! — The  St  Ignatius-beans  contain  about 
1*5  per  cent  of  this  base,  which,  however,  is  generaUy  obtained  from 
nux  vomica.  These  very  tough  seeds  are  softened  by  boiling  them 
with  alcohol,  powdered,  and  exhausted  with  boiling  dilute  alcohol. 
The  alcohol  is  distilled  ofif,  and  lead  acetate  added  to  the  residue, 
which  precipitates  foreign  matters.  The  filtrate,  after  being  freed  from 
lead,  is  concentrated,  and  the  alkaloids  precipitated  with  magnesia. 
The  precipitate,  after  standing  for  some  days,  is  collected  on  a  filter, 
and  exhausted  with  boiling  alcohoL  On  cooling,  the  greater  portion  of 
the  strychnine  crystallizes  out;  the  mother-liquor  is  neutralized  with 
nitric  acid  and  concentrated.  On  leaving  it  to  stand,  strychnine 
nitrate  crystallizes  out,  and  is  purified  by  recrystallization. 

Strychnine  crystallizes  in  brilliant  rhombic  prisms,  possessing  such 
an  intensely  bitter  taste  that  it  is  even  perceptible  in  a  solution 
of  one  part  of  the  base  in  one  million  parts  of  water.  In  water  it 
dissolves  but  sparingly,  more  readily  in  dilute  alcohol,  and  very  freely 
in  chloroform ;  in  ether  and  absolute  alcohol  it  is  insoluble.  It  forms 
soluble  and  crystallizable  salts,  having  an  intensely  bitter  taste,  and 
being,  like  the  base  itself,  fearful  poisons,  producing  in  a  small  dose 
tetanus  and  death.  The  antidotes  are  morphine,  atropine,  and  cliloral 
hydrate. 

The  least  trace  of  strychnine  can  be  readily  identified  by  moisten- 
ing it  with  pure  concentrated  sulphuric  acid,  and  adding  a  crystal  of 
potassium  dichromate,  when  a  deep-purple  colour  is  produced,  chang- 
ing soon  into  red  and  yellow.  Another  very  delicate  test  is  to  inject 
a  small  quantity  of  a  very  dilute  solution  under  the  skin  of  a  frog ; . 
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tetanic  convulsions  will  soon  set  in,  and,  if  the  dose  was  not  large 
enough  to  kill  the  frog,  will  last  for  hours. 

Strychnine  is  a  monacid  tertiary  base ;  strychniru-iriethylammonium 
iodide  (N2(C2iH2202)CH3l  is  a  crystalline  solid,  and  readily  decom- 
posed by  treating  it  with  silver  oxide  and  water ;  the  hydroxide  has 
not  bitter  taste,  nor  does  it,  or  its  salts,  act  as  poison  when  taken  in- 
ternally, but  when  injected  under  the  skin  it  produces  paralysis  like 
curarine  (see  below). 

On  adding  a  solution  of  strychnine  to  alcoholic,  yellow  am- 
monium sulphide,  a  precipitate  is  formed,  consisting  of  orange-red 
needles  having  the  composition  CpSi^jd^  +  HgSj.  It  is  decom- 
posed by  dilute  sulphuric  acid,  and  hydrogen  trisulphide  HjSj  sepa- 
rates out  as  a  colourless  oily  liquid. 

Brucine  CggHg^NgO^  +  ^HgO  occurs  together  with  strychnine  in 
the  seeds  of  Strychnos  Nux-vomica,  and  alone  in  the  bark  of  this 
tree  (false  Angostura-bark),  It  is  prepared  from  the  mother-liquor  of 
stryclmine  nitrate,  by  precipitating  it  with  ammonia,  and  crystallizing 
the  base  from  alcohol  It  forms  colourless  prisms,  which  lose  their 
water  of  crystallization  when  exposed  to  the  air. 

It  i§  more  soluble  than  strychnine,  and  has  a  bitter  taste;  its 
poisonous  properties  are  similar  to  those  of  strychnine,  but  it  acts  less 
violently.  With  nitric  acid  it  forms  a  red  solution  which  becomes 
yellow  on  heating,  and  when  now  stannous  chloride  is  added  the 
liquid  assumes  a  deep- violet  colour. 

When  heated  with  sulphuric  acid  and  manganese  dioxide,  it  yields 
methyl  alcohol,  and  concentrated  nitric  acid,  converts  it  into  methyl 
nitrate,  oxalic  acid,  and  cacoteline  C^R^()^O^^fi^  a  weak  base, 
forming  yellow  crystals. 

Brucine  is  a  tertiary  base ;  the  salts  of  brucine-methylanmionium 
act  like  the  corresponding  compounds  of  strychnine,  but  less 
energetically. 

CurariTie  CiqHjjN  is  the  active  principle  of  the  South  American 
arrow-poison,  which  is  prepared  from  the  milky  juice  of  different 
species  of  strychnos.  It  forms  colourless  crystals,  having  a  very 
bitter  taste.  When  one  milligram  is  injected  under  the  skin  of  a 
rabbit,  paralysis  very  soon  sets  in,  and  the  animal  dies. 


ALKALOIDS  OCCURKING   IN   CINCHONA-BARKS. 

Tlie  barks  of  different  species  of  Cinchona,  which  are  indigenous  to 
the  eastern  slopes  of  the  Andes,  and  are  also  cultivated  in  India  and 
Java,  contain  a  number  of  bases  in  combination  with  quinic  acid. 
The  following  have  been  isolated  : — 

Quinine    .     .  .  C20H24N2O2  Cinchonidine  .  G^i^^^fi 

Conquinine  .  .  C2QH24N2O2  Pay  tine    .     .  .  CgjIIj^NgOg 

Quinamine  .  .  Cj^jHjeNgOj  Paricine  .     .  ,          — 

Cinchonine  .  .  Cj^Hg^KjO 
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The  most  important  of  these  is  quinine,  which  always  occurs 
together  with  cinchonine.  The  yellow  bark  {Cinchona  Calysaya)  con- 
tains 2  to  3  per  cent,  of  quinine,  and  0*2  to  0*3  of  cinchonine ;  while 
the  pale  bark  {Cincliona  Coiidaminea)  contains  about  0*8  of  quinine, 
and  2  of  cinchonine,  and  the  red  bark  {Cinchona  succirubra),  about 
2  of  quinine  and  1  of  cinchonine. 

Quinine  Cg^Hg^N^Og  +  HgO. — For  the  preparation  of  this  com- 
pound the  yellow  or  red  bark  is  chiefly  used.  It  is  treated  with 
very  dilute  hydrochloric  acid,  and  the  solution  is  precipitated  with 
sodium  carbonate.  The  precipitate  is  washed,  and  after  being  dried, 
exhausted  with  boiling  alcohol  The  liquid  is  neutralized  with 
sulphuric  acid,  and  the  alcohol  distilled  off;  from  the  residual  liquid, 
impure  quinine  sulphate  crystallizes  out,  which  is  purified  by  dis- 
solving it  again  in  alcohol,  adding  animal  charcoal  to  decolorize  the 
solution,  and  ciystallizing  the  sulphate  by  concentrating  the  liquid. 

Ammonia  precipitates  quinine  as  a  powder,  which  dissolves  in 
900  parts  of  cold  water,  and  is  tolerably  soluble  in  ether,  and  freely  in 
alcohol,  crystallizing  from  these  solutions  as  a  powder,  and  from 
chloroform  in  distinct  prisms. 

Quinine  is  a  tertiary  base,  and  forms  several  series  of  salt^  those 
containing  one  equivalent  of  an  acid  are  sparingly  soluble  in  water, 
while  those  containing  more  than  one  equivalent  are  readily  soluble, 
and  form  highly  fluorescent  solutions,  the  reflected  light  being  of  a 
sky-blue  colour.    Quinine  and  its  salts  have  an  intensely  bitter  taste. 

Basic  Quinine  Sulphate  2{C^^JSfi.^i^0^^  -f  8HoO  is  manu- 
factured on  a  very  large  scale,  and  crystallizes  in  long  brilliant 
needles,  which  soon  lose  some  water,  and  form  a  very  light  crystal- 
line powder.  It  dissolves  in  780  parts  of  cold  water,  and  more  readily 
in  alcohol,  and  in  boiling  water. 

Normal  Qidnine  Sulphate  C^qH^^'S^O^.SO^IIo  +  THgO  is  obtained  by 
dissolving  the  basic  salt  in  dilute  sulphuric  acid,  and  forms  trans- 
parent four-sided  prisms,  which  dissolve  in  11  parts  of  cold  water. 

Acid  Quinine  Sulphate  C^H24N202.2SO^H2  +  THgO  forms  soft 
white  prisms,  and  is  freely  soluble  in  water  ;  its  solution  exhibits  a 
splendid  fluorescence. 

When  the  basic  sulphate  is  dissolved  in  acetic  acid,  and  a  solution 
of  iodine  is  added,  large  thin  plates  separate  out,  consisting  of 
CgoH^^NgOg-SO^Hg-Ig ;  they  appear  almost  colourless  by  transmitted 
light,  but  show  by  reflection  a  brilliant  emerald  colour.  This  beauti- 
ful compound  possesses  the  optical  properties  of  turmaline,  and  is 
used  for  optical  experiments,  under  the  name  of  Herapathite. 

Basic  Quinine  Hydrochloride  C^ii^^fi^.G\\i  +  l^HgO  crystallizes 
in  silky  needles. 

Normal  Quinine  Hydrochloride  C2oHy^N202(ClH)2  does  not  crystallize 
well,  and  is  decomposed  by  water  into  the  basic  salt  and  free  acid.  By 
adding  platinic  chloride  to  its  solution,  the  double  salt  Cj^j^NjO^ 
(C1H)2  4-  PtCl^  -h  HjO  is  obtained  as  a  pale-yellow  precipitate,  which, 
on  standing,  changes  into  orange-red  crystals. 
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The  solutions  of  quinine,  and  its  salts,  turn  the  plane  of  polariza- 
tion strongly  to  the  left.  Its  salts  dissolve  in  chlorine-water,  forming 
a  colouriess  solution,  which,  on  adding  ammonia,  assumes  a  deep- 
emerald  colour.  If  first  potassium  ferxocyanide  be  added,  and  then 
ammonia,  the  liquid  becomes  deep-red. 

Quinine  and  its  salts  are  powerful  tonics,  and  most  useful  in 
intermittent  fevers. 

Conquinine,  or  Quinidine  G^^^^Jd^  +  HgO,  is  contained  in 
different  barks,  chiefly  in  that  of  Cinchona  pitayensis,  and  the  yellow 
barks  from  India.  It  is  conveniently  prepared  from  the  mother- 
liquors  of  quinine  sulphate ;  on  evaporating  them,  a  resinous  mass  is 
left  behind,  called  quino%di7ie,  which  is  exhausted  with  ether,  and 
after  the  ether  has  been  distilled  off*,  the  residual  solution  is  dissolved 
in  dilute  sulphuric  acid.  The  hot  liquid  is  neutralized  with  ammonia, 
and  precipitated  with  a  solution  of  Eochelle-salt.  The  precipitate 
containing  the  tartrates  of  conquinine,  and  cinchonidine  is  dissolved 
in  a  large  quantity  of  water,  and  the  solution  precipitated  with 
potassium  iodide.  The  conquinine  hydriodide  thus  obtained  is 
decomposed  with  ammonia,  and  the  base  crystallized  from  alcohoL 
It  forms  large  prisms,  which  dissolve  but  sparingly  in  water,  and 
give  with  chlorine  and  ammonia  the  quinine  reactions.  It  is  as 
powerful  a  tonic  as  quinine,  from  which  it  differs  by  having  a  strong 
right-handed  rotatory  power. 

Quinicine  C20H24N2O2  is  produced  when  quinine  or  conquinine  is 
heated  with  a  little  dilute  sulphuric  acid  to  130°.  It  is  a  resinous 
mass,  but  forms  crystallizable  salts,  and  has  a  feeble  right-handed 
rotation.     It  appears  to  exist  also  in  the  barks,  and  in  quinoidine. 

Qiiinamine  CgoHggNgOg  is  found,  but  only  in  a  very  small  quantity, 
in  the  red  bark  from  India.  It  forms  long,  white,  light  prisms,  and  is 
very  sparingly  soluble  in  cold  water,  a  little  more  readily  in  hot 
water,  and  freely  in  alcohol,  and  possesses  right-handed  rotatory 
power. 

Cinchanine  €20^24^2^- — ^^^^  ^^®  ^^  readily  separated  from 
quinine,  as  it  is  almost  insoluble  in  water,  and  ether,  and  only 
sparingly  soluble  in  alcohol,  one  pail;  requiring  30  parts  of  boiling 
alcohol.  It  crystallizes  in  brilliant  needles,  and  forms  salts  resem- 
bling those  of  quinine,  but  being  more  soluble  in  water  and  alcohol. 
It  turns  the  plane  of  polarization  strongly  to  the  right,  and  yields 
with  chlorine-water  and  ammonia  a  yellowish  precipitate.  It  is  not 
used  in  medicine,  as  it  has  only  feeble  tonic  properties. 

Oxycinchonine  G^!^^:^^^^)^^' — ^^^is  isomeride  of  quinine  is 
formed  by  treating  cinchonine  with  cold  bromine,  and  acting  on  the 
monobromocinchonine  thus  formed  with  caustic  potash;  it  is  a 
crystalline  substance,  which  is  insoluble  in  ether  and  water. 

Cinchonidine  C20H24N2O  occurs  in  different  barks,  and  in  quinoidine, 
and  differs  from  cinchonine  chiefly  by  its  strong  left-handed  rotatory 
power. 

Cinchonicine  Cg^Hg^NjO  is  obtained  by  heating  its  isomerides  with  a 
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little  sulphuric  acid  ;  the  base  as  well  as  its  salts  are  very  similar  in 
its  properties  to  quinicine,  and  its  salts. 

Paytine  G^^^^jd^  +  HgO  has  been  found  in  a  white  bark  from 
Payta ;  it  forms  white  needles  or  prisms,  and  possesses  left-handed 
polarization.  By  adding  bleaching-powder  to  its  acid  solution,  it 
colours  first  red,  and  then  blue,  but  the  colour  very  soon  disappears. 

Faricine  occurs  in  the  red  barks  from  India,  and  in  other  barks.  It 
is  yellowish-white  powder,  which  readily  dissolves  in  ether  and 
alcohol ;  its  composition  is  not  known. 


ALKAI/)lD8   OCCUKllING   IN   CHELIDONIUM  MAJDS. 

The  common  celandine  contain  two  bases. 

Chelerythrine  Cj^Hi^NO^  exists  also  in  the  root  of  Sanguinaria 
canadensis  and  in  Glauceicm  luteum.  It  ciystallizes  from  alcohol  in 
warty  masses,  possessing  a  very  acrid  taste  ;  it  is  poisonous,  and  its 
dust  produces  violent  sneezing.  Its  salts  have  a  red  colour,  and  give 
with  water  an  orange-red  solution. 

Chelidonine  C^gB^^T^fi^  +  H^O  crystallizes  from  alcohol  in  glisten- 
ing plates,  having  a  bitter  taste ;  it  is  not  poisonous,  and  forms 
colourless  salts. 


ALKAtOlDS   OCCURRING   IN   VERATRUM. 

Veratrine  CjjH^oNjOg  exists  in  the  seeds  of  Veratnim  Sabadilla 
and  in  the  root  of  Veratrum  album.  It  is  almost  insoluble  in  water, 
but  dissolves  in  ether,  and  alcohol,  and  crysUiUizes  in  white  prisms, 
melting  at  115°,  and  solidifying  again  to  a  resinous  mass.  Veratrin 
is  a  most  violent  poison,  and  its  dust  produces  violent  sneezing. 
With  concentrated  sulphuric  acid  it  forms  a  yellow  solution  which 
gradually  becomes  blood-red. 

Jervine  CjoH^NjOj  occurs  only  in  Veratrum  aUncm,  and  forms 
colourless  prisms;  its  salts  are  much  less  soluble  than  those  ot 
veratrine. 


ALKALOIDS   OCCURRING   IN   BERBERIS   VULGARIS. 

Berherine  C20H17NO4  +  SH^O  exists  in  the  root  of  this  shrub,  and 
also  in  the  roots  of  Cocculus  palvuxius  and  Hydrastis  canadensis.  It 
is  soluble  in  water  and  alcohol,  and  crystallizes  in  yellow  needles, 
possessing,  as  well  as  its  yellow  salts,  ah  intensely  bitter  taste. 

By  the  action  of  zinc  and  dilute  sulphuric  acid^  it  is  converted  into 
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hydroberberine  CjqHoiNO^,  which  separates  from  an  alcoholic  solution 
in  very  brilliant,  colourless  ciystals. 

Oxyacanthine  occurs  in  the  root  of  berberis,  and  crystallizes  from 
alcohol  in  colourless  prisms,  which,  when  exposed  to  the  sunshine, 
assume  a  yellow  tint ;  its  composition  is  not  known. 


BEBEERINE    CigH^iNOj. 

This  base  is  found  in  the  bark  of  the  bebeero,  or  greenhart-tree 
of  British  Guiana  {Nectandra  Rodiei)  and  of  Oeoffroya  jamaicensis, 
and  in  the  trunk  and  roots  of  Cissampelos  Pareira,  and  in  Buxns 
sempervivens.  It  is  a  colourless  amorphous  powder,  and  insoluble  in 
water,  but  dissolves  in  alcohol ;  its  solution  has  a  very  bitter  taste, 
and  an  alkaline  reaction.  Beheerine  mdphate  2(fj^^^^O^?iOJ3^^  is 
sometimes  used  as  a  substitute  for  quinine. 


PIPERINE  N  \  j^  ji^Q 


This  weak  base  exists  in  different  kinds  of  pepper,  and  is  prepared 
by  exhausting  white  pepper  with  alcohol  and  evaporating  the  solu- 
tion ;  the  residue  is  dissolved  in  alcoholic  potash,  and  the  impure 
piperine,  which,  on  concentrating  this  solution,  crystallizes  out,  is 
purified  by  recrystallization  from  alcohol. 

Piperine  forms  colourless,  tasteless,  and  inodorous  prisms ;  its 
alcoholic  solution  possesses  a  sharp  peppery  taste,  and  a  neutral 
reaction. 

On  boiling  with  alcoholic  potash  it  is  resolved  into  piperidine 
C.H„N,  and  piperic  add  C,oHiqO^. 

rc  H 

Piperidine  N-^  t/    i<>  is  a  colourless  liquid,  which  is  soluble  in 

water,  and  boils  at  106° ;  it  has  a  pungent  and  caustic  taste,  and  an 
ammoniacal  and  peppery  smell.  It  is  a  powerful  base,  forming 
crystallizable  salts.    When  treated  with  benzoyl  chloride  it  is  con- 

r  c  H  . 

verted  into  IcnzoyUpiperidine  N  <  n^vt^U  which  is  a  compound  corre- 
sponding to  piperine. 

Pipeinc  Acid  C^^^Jd^  is  a  monobasic  acid,  crystallizing  from  hot 
alcohol  in  long  needles,  melting  at  210"*.  Nascent  hydrogen  converts 
it  into  hydropiperic  acid  Ci^Rifi^y  which  consists  of  needles,  melting 
at  64^ 

By  adding  potassium  permanganate  to  a  solution  of  potassium 
piperate,  piperonaldehyde  is  formed : — 

C«HioO«  +  40,  =  CgH,0,  +  C,H,0,  +  2C0,  +  H,0 
C  I  I 
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Piperoymldehi/de  CgH^Oj  crystallizes  from  water  in  transparent, 
brilliant  prisms,  melting  at  263°,  and  smelling  like  cumarin ;  it 
combines  like  other  aldehydes  with  the  acid  sulphites  of  the  alkali- 
metals. 

Fiperonyl  Alcohol  CgHgOg  is  produced  by  the  action  of  sodium- 
amalgam  and  water  on  the  aldehyde,  and  forms  colourless  crystals, 
melting  at  51°. 

Piperonic  Acid  CgH^O^  is  produced  by  the  further  action  of 
potassium  permanganate  on  the  aldehyde.  It  crystallizes  in  long 
needles,  melting  at  228°.  When  it  is  heated  with  dilute  hydrochloric 
acid  to  170°,  it  is  resolved  into  finely  divided  carbon,  and  protocatechuic 
acid.  Phosphorus  pentachloride  converts  it  into  dichloropiperonyl 
chloride  CyHgCljOj-COCl,  which  yields  with  water  dichloropiperonic 
acid ;  and  the  latter,  when  boiled  with  water,  is  resolved  into  carbon 
dioxide,  hydrochloric  acid,  and  protocatechuic  acid. 

On  the  other  hand,  by  heating  protocatechuic  acid  with  potash,  and 
methene  di-iodide  (di-iodomethane),  it  is  converted  into  piperonic 
acid.  These  reactions  prove  that  the  piperonyl  compounds  are  con- 
stituted as  follows : — 


Piperonyl  Alcohol.  Piperonaldehyde. 


^^«  C.H,|o>^^ 


.2.0H  ^    HCOH 

Piperonic  AcicL  Dichloropiperonic  Acid. 


C.H 


6**8 


io/C^i  PH,lo>^^^ 


t  CO.OH  (  CO.OH 


SINAPXNE   CjgHggNOg. 

This  base  exists  aa  stdphocyanate  in  the  seed  of  white  mustard. 
To  obtain  this  salt  the  crushed  seed,  whicli  has  been  freed  from  tte 
fatty  oil  by  pressing,  is  exhausted  with  alcohol ;  it  is  a  light  crystal- 
line powder,  consisting  of  needles.  The  free  sinapine  is  not  known ; 
on  boiling  one  of  its  salts  with  water,  the  base  is  resolved  into  choHne 
and  bibasic  sinapic  add  CijHjjOg,  crystallizing  from  hot  water  in 
colourless  prisms.  This  decomposition  is  explained  by  the  following 
equation : — 

•  Choline. 


Sinapic  Acid. 

HO.CO 
HO.CO  f  "»''»<>' 


}  C.H,„0 
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ATROPINE  CiyHgjNOj. 


This  powerful  poison  exists  in  the  deadly  nightshade  (Atropa 
Belladonna),  and  in  the  thornapple  {Datura  Stramonium),  To 
prepare  it  the  expressed  juice  of  the  flowering  belladonna  is  heated 
to  90'',  filtered,  and  the  liquid,  after  addition  of  potash,  shaken  with 
chloroform.  The  impure  atropine,  which  is  left  behind  by  distilling 
the  chloroform  off,  is  crystallized  from  alcohol.  It  forms  prisms,  having 
a  nauseous  bitter  and  burning  taste,  and  imparting  a  dry  sensation  to 
the  mouth  with  constriction  of  the  throat.  In  a  very  small  dose  it 
produces  headache,  and  dilates  the  pupil  powerfully. 

When  heated  with  baryta-water  it  is  resolved  into  tropic  acid 
(page  394),  and  tropine  CgHigNO,  a  base  crystallizing  in  needles : — 

N  J  ^8^14^  4-  H  O  -  "N"  I  CgHuO 

HO.CO(C2H8.0H)CeH, 


COCAINE   CiyHjiNO^. 

This  compound  is  the  active  principle  of  the  coca-leaves  (Ery- 
throxylon  Coca),  which  are  used  as  a  stimulant  in  Peru.  It  crystal- 
lizes from  alcohol  in  monoclinic  prisms.  When  heated  with  hydro- 
chloric acid,  it  is  resolved  into  methyl  alcohol,  benzoic  acid,  and 
ecgonine  CgHigNOj  a  base  crystallizing  from  water  in  glistening 
prisms  : — 

^^oHiaOg    j^  +  2HaO  x=  CHj^OH  +  CgHi^NOj  +  C0H5.CO.OH 


PHYSOSTIGMINE   OR  ESERINB   C15H21N3O2. 

TIlis  base  is  found  in  the  Calabar-bean  {Physostigma  venosum).  It 
is  a  crystalline  body,  which  is  sparingly  soluble  in  water,  and  freely 
in  alcohol,  and  has  a  strongly  alkaline  reaction.  It  is  a  violent 
poison,  and  produces  a  powerful  contraction  of  the  pupil. 


HYOSCYAMINE   Ci^HjjNOj. 


The  poisonous  principle  of  the  henbane  [Hyoscyamus  niger)  forms 
colourless  thin  prisms,  which  in  the  pure  state  are  odourless,  but, 

I  I  2 
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when  impure  possess  a  nauseous  smell.     It  dilates  the  pupil  like 
atropine. 

By  boiling  it  with  baryta-water  it  is  resolved  into  hyoscinic  add 
CjjHjqOj,  and  a  powerful  crystalline  base  called  hyoscine  C^Hj^N. 


ACONITINJB   CjjyHjgNOio- 


This  most  violent  poison  exists  in  the  purple  monkshood  {Aconiium 
Napdlus)  \  it  forms  rhombic  plates,  having  a  sharp  and  pungent  taste. 


COLCHICINE  CiyHjj^NOg 


is  a  weak  base  occurring  in  Colchicum  autumnale,  and  forms  an 
amorphous  powder,  possessing  a  very  acrid  taste,  and  producing,  in  a 
Hmall  dose,  vomiting  and  diarrhoea.  On  heating  it  with  dilute  euuds, 
it  is  converted  into  the  isomeric  colchiceiTie,  which  is  a  weak  acid, 
crystallizing  in  needles. 


EMETINE  C3oir^^N^Og. 


The  active  principle  of  fycccicuunha  is  a  light  greyish  powder, 
having  a  bitter  taste,  and  producing,  in  a  small  dose,  speedy 
vomiting. 


HARMALINE   CigHj^N^O. 

This  body  is  extracted  by  acetic  acid  from  the  seeds  of  Peganum 
Hannala — a  plant  indigenous  to  the  steppes  of  Southern  Bussia — 
and  which  are  used  in  dyeing.  Harmaline  crystallizes  in  rhombic 
octahedrons,  and  forms  salts  having  a  yellow  colour. 

Harmine  G^^^^jd  is  obtained  by  oxidizing  harmaline  and  is 
also  contained  in  the  seeds;  it  is  a  base,  and  forms  colourless 
prisms. 


SOLANINE  C^sHyiNOiQ. 

This  compound  is  a  weak  base  which  is  found  in  different  species 
of  solanum,  and  chiefly  in  Solanum  nignim,  and  in  the  shoots  of 
potatoes  which  have  been  kept  in  a  cellar  during  winter.  It  is 
poisonous,  and  crystallizes  in  silky  needles. 
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Solanidine  CggH^jNO. — Solanine  is  a  glucoside,  and  resolved  by 
boiling  dilute  hydrochloric  acid  into  glucose  and  solanidine : — 

C^H7,N0,e  +  mfi  =  3CeH,A  +  C2,H,,N0 

Solanidine  is  a  strong  base,  and  crystallizes  from  alcohol  in  long 
silky  needles. 

Besides  these  alkaloids  there  exists  a  large  number  of  others, 
which,  however,  have  been  but  imperfectly  studied,  and  are  not  of 
much  importance.     Of  these  the  following  may  be  mentioned : — 

Corydaline  G^^^^O^  occurs  in  the  roots  of  ditferent  species  of 
Corydalis,  and  fonns  colourless  crj'stals,  possessing  a  bitter  taste  and 
strongly  alkaline  reaction. 

Cytisine  C2^H27N30  is  found  in  the  seeds  of  Cytisus  Laburmim, 
and  forms  colourless  crystals  having  a  caustic  and  bitter  taste,  and 
an  alkaline  reaction. 

JDelphinine  Cg^Hg^NOg  is  a  yellow  powder  possessing  an  unbearable 
acrid  taste,  and  occurring  in  the  seeds  of  Delphinium  Staphisagria. 

Lydne  CgHjyNOg  is  found  in  the  leaves  of  Lycium  harharum,  and 
forms  a  crystalline  deliquescent  mass,  having  a  neutral  reaction  and  a 
pungent  taste. 

Menispervii)ie  is  a  base  existing  in  the  seeds  of  Menispermuvi 
Cocculus ;  it  forms  colourless  prisms,  and  appears  not  to  be  poisonous  ; 
the  poisonous  principle  of  the  seeds  being  picrotoxin  (page  487). 


COLOURING   AND   BITTER   PRINCIPLES. 

There  exist,  chiefly  in  the  vegetable  kingdom,  a  large  number  of 
definite  compounds  which  are  neither  glucosides  nor  alkaloids,  and 
are  distinguished  by  characteristic  colours,  or  a  bitter  or  sharp  taste. 
The  following  are  the  more  important  ones  of  this  not  well  defined 
group. 

Al&in^Gyj'R^f^^  is  the  active  principle  of  aloes,  from  which  it  may 
be  extracted  by  cold  water.  On  evaporating  the  solution  in  vacno, 
and  leaving  it  to  stand,  small  pale  yellow  needles  are  obtained,  which 
are  not  freely  soluble  in  water  and  alcohol.  It  has  a  sweetish-bitter 
taste,  and  a  nauseous  smell ;  when  heated  it  melts,  and  solidifies  on 
cooling  to  a  brown  resinous  mass. 

Cold  fuming  nitric  acid  converts  it  into  oxalic  acid,  picric  acid, 
chrysammic  acid,  and  aloetic  acid  C^fi4P^O^fi2P  ^  yellowish-red 
crystalline  powder,  forming  red  salts,  and  yieldmg  chrysammic  acid 
by  protracted  boiling  with  nitric  acid. 

Athamanthin  Cg^Hg^Oy  is  a  constituent  of  the  unripe  seeds  and 
root  of  Athamanta  Oreoselinum,  and  consists  of  colourless  prisms, 
possessing  a  rancid  smell,  and  a  bitter  and  acrid  taste.    It  foims 
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definite  compounds  with  sulphur  dioxide  and  hydrochloric  acid ;  the 
latter  is  resolved  by  the  action  of  heat  into  valerianic  acid  and 
oreosclon  G^^Rxfi^  a  crystalline  body  which  is  soluble  in  alcohol  and 
alkalis.  Boiling  hydrochloric  acid  converts  it  into  oreoselin  Cj^HigO^ 
which  is  also  soluble  in  alkalis  and  alcohol,  and  crystalUzes  "in 
slender  needles. 

By  treating  athamantin  with  nitric  acid  it  yields  a  yellow  powder 
of  trinitro-athamantin  C24H2^(N02)307,  which  is  insoluble  in  water. 

Peucedanin  C24H24OQ  exists  in  the  roots  of  Peucedanum  offi^^iTude 
and  Imperatorium  Obsiruihium,  and  crystallizes  from  alcohol  in 
brilliant  prisms.  On  boiling  with  alcoholic  potash  it  is  resolved  into 
angelic  acid  and  oreoselin. 

%^^)\ }  ^2  +  2H,0  =  2C,n80,  +  C^H^^O, 

Concentrated  nitric  acid  converts  it  into  dinitropeucedanin 
^24^22(-^^2)2^6»  which  forms  colourless  flexible  plates. 

Laserpitin  024113^07  is  contained  in  Laseipitittm  millefolium,  and  is 
insoluble  in  water,  but  dissolves  in  alcohol ;  it  forms  brilliant  prisms, 
melting  at  114**,  and  subliming  without  decomposition.  By  the 
action  of  alcoholic  potash  it  is  resolved  into  angelic  acid  and 
amorphous  laserol  CJ4H22O4. 

Cantharidin  CgHgOg  is  the  active  principle  of  the  Spanish  fly,  from 
which  it  can  be  extracted  by  ether.  It  crystallizes  in  colourless, 
tasteless  and  inodorous  plates,  melting  at  250°,  and  subliming  without 
decomposition.  It  dissolves  in  boiling  potash,  forming  the  salt 
CjILKOg,  which  is  decomposed  by  acids  with  the  formation  of 
cantnaridin  and  water. 

Carotin  C18H24O  is  found  deposited  as  small  crystals  in  the  cells 
of  the  carrot,  and  crystallizes  from  alcohol  in  small  reddish-brown 
crystals  possessing  a  fragrant  odour. 

Hydrocarotin  C^^^O  is  also  found  in  can'ots ;  it  crystallizes  from 
ether  in  lai-ge,  colourless,  rhombic  plates. 

Chlorophyll  is  the  name  given  to  the  green  colouring  matter  of 
leaves ;  it  is  soluble  in  alcohol,  ether  and  hydrochloric  a^id.  Its 
composition  is  not  know^n ;  it  contains  no  nitrogen,  but  iron  appears 
to  be  an  essential  constituent. 

Colomhin  G^^O^  exists  together  with  berberin  in  calumba-root, 
and  forms  colourless  crystals,  having  a  bitter  taste. 

Curcumin  Ci^H^^Oj  is  the  colouring  matter  of  turmeric ;  it  is 
insoluble  in  cold  water,  and  dissolves  sparingly  in  boiling  water, 
freely  in  alcohol;  the  solution  exhibits  a  green  fluorescence.  It 
forms  brilliant  yellow  crystals ;  nitric  acid  oxidises  it  to  oxalic  acid. 

Rosocyanin, — When  turmeric  paper  is  moistened  with  solution  of 
boric  acid,  it  assumes,  on  drying,  an  orange  colour,  which  by  alkalis  is 
changed  into  a  pure  blue,  turning  soon  into  grey.  This  reaction  is 
caused  by  the  formation  of  a  peculiar  compound  of  unknown  com- 
position, called  rosocvnnin.     It  is  propnred  by  boilir!i  nn  nlrAhnlic 
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solution  of  curcumin  with  boric  acid  aud  strong  sulphuric  acid. 
Eosocyanin  forms  slender  needles,  having  a  green-metallic  lustre, 
and  dissolving  in  alcohol  with  a  splendid  red  colour,  which  on  adding 
a  drop  of  soda  changes  into  a  deep-blue,  and  when  exposed  to  the 
air  turns  grey.  Lime  and  baryta-water  give  with  the  alcoholic 
solution  fine  blue  precipitates. 

Helenin  G^fi^O^  occurs  in  the  root  of  Inula  Selenium,  and 
crystallizes  in  colourless  four-sided  prisms,  which  are  soluble  in 
alcohol.  When  heated  with  phosphorus  pentoxide  it  is  resolved  into 
water,  carbon  dioxide  and  liquid  Helenetie  CjgHgg. 

Ivain  62^114203  is  found  in  Iva  (A  chillea  moschata)  a  plant  growing 
in  the  High-Alps.  It  is  a  yellow  semifluid  resinous  mass,  having 
an  intensely  bitter  taste. 

Ivaol  C24H^02  is  the  volatile  oil  of  Iva,  and  possesses  a  very 
agreeable  aromatic  odour,  and  bitter  and  warming  taste.  Besides 
these  compounds  Iva  contains  Moschatin  C21H27NO7  and 

Achillein  02011331^2015,  which  is  also  found  in  Achillea  millefolium 
and  forms  an  amorphous  powder.  When  boiled  with  dilute  acids 
it  yields  ammonia,  a  volatile  body  having  a  fragrant  smell,  and 
achilletin  CjiHiyNO^,  a  brown  substance  having  an  aromatic  but 
not  bitter  taste. 

Picrotoxin  CigHj^Og  is  the  poisonous  principle  contained  in  the 
seeds  of  Menispenmts  Cocculus  and  prepared  by  exhausting  them  with 
alcohol,  and  crystallizing  the  impure  picrotoxin  from  hot  water.  It 
forms  tufts  of  colourless  needles,  having  an  intensely  bitter  taste. 

Quassiin  G.^l^fi^  is  contained  in  the  quassia-wood  (Picrasna 
excelsa)  from  Jamaica,  and  forms  thin  colourless  crystals,  which  are 
sparingly  soluble  in  water,  freely  in  alcohol,  and  possess  a  very  bitter 
taste. 

Santonin  G^^^Tl^fi^  occurs  in  Semen-contra  or  worm-seed,  which  con- 
sists of  the  unexpanded  flower-heads  of  Artemisia  Santonica,  To 
prepare  it,  worm-seed  is  boiled  with  mUk  of  lime,  and  the  solution 
precipitated  with  hydrochloric  acid.  It  crystallizes  from  alcohol  in 
colourless,  flat,  six-sided  prisms,  having  a  faint  bitter  taste;  when 
exposed  to  sunshine  the  crystals  become  yellow.  Santonin  is  a 
weak  acid ;  the  sodium  salt  2(Ci5H^7Na08)  +  9H2O  crystallizes  in 
colourless,  translucent  plates,  and  is  decomposed  by  boiling  water. 
Santonin  is  used  as  an  anthelminic. 

Turacin  is  the  red  colouring  matter  contained  in  feathers  of  the 
wing  of  the  Turaco  or  plantain-eater,  from  which  it  may  be  extracted 
by  dilute  potash.  Its  composition  is  not  known,  but  it  differs  from 
all  other  red  colouring  matters  by  containing  5*9  per  cent,  of  copper ; 
the  presence  of  this  metal  can  easily  be  shown  by  the  green  colour, 
which  the  feathers  impart  to  the  colourless  gas-flame ;  the  green 
feathers  of  this  bird  do  not  contain  copper. 
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COMPOUNDS   CONTAINED   IN   BILE   AND   OTHER   SECRETIONS. 

Bile  contaius  a  number  of  peculiar  compounds,  some  of  them 
occuring  also  in  other  parts  of  the  animal  organism. 

Olycocholic  Acid  CgeH^NOg  is  conveniently  prepared  by  evaporating 
fresh  ox-bile  on  a  water  bath  nearly  to  dryness,  exhausting  the  residue 
with  alcohol  of  90  per  cent.,  evaporating  the  solution,  and  heating 
with  milk  of  lime  to  precipitate  the  colouring  matter.  On  adding 
dilute  sulphuric  acid  to  the  cold  filtrate  and  leaving  it  to  stand, 
glycocholic  acid  crystallizes  out,  which  is  purified  by  pressing  it 
between  filter-paper,  dissolving  the  residue  in  lime-water,  and 
precipitating  the  acid  with  dilute  sulphuric  acid. 

It  crystallizes  in  white  needles,  having  a  bitterish  sweet  taste.  In 
concentrated  sulphuric  acid  it  dissolves,  forming  a  colourless  liquid, 
which  on  adding  a  solution  of  sugar  becomes  violet. 

When  glycocholic  acid  is  boiled  with  dilute  acids,  or  alkalis,  it  is 
resolved  into  glycocoll  or  amidacetic  acid,  and  cholic  add  Cj^H^O^, 
which  crystallizes  from  alcohol  in  brilliant  octahedrons.  By  protracted 
boiling  with  acids  it  is  converted  into  dyalysin  Co^Hj^Oj,  an  amorph- 
ous, neutral  substance,  which  is  reconverted  into  cholic  acid  by  the 
action  of  caustic  potash. 

TaurocJiolic  Acid  CggH^gNSOy  is  prepared  by  dissolving  fresh 
ox-bile  in  water  and  precipitating  glycocholic  acid,  colouring  matters 
and  other  substances  with  lead  acetate.  To  the  fiiltrate  a  little  basic 
lead  acetate  is  added,  which  removes  the  remainder  of  the  glycocholic 
acid,  and  then  the  clear  solution  is  precipitated  by  adding  some  more 
lead  acetate  and  ammonia.  The  lead  taurocholate  is  decomposed  by 
hydrogen  sulphide,  and  thus  the  fi'ee  etcid  is  obtained,  crystallizing  in 
fine  silky  needles.  By  heating  it  with  water  it  is  resolved  into 
cholic  acid  and  taurine  (page  192). 

Human  bile  contains  principally  glycocholic  acid,  and  only  a  small 
quantity  of  taurocholic  acid,  which  occurs  alone  in  the  bUe  of 
the  dog. 

Hyoglycocholic  Acid  CjyH^NO^  and  hyotaurocholic  acid  C^H^NSO| 
exist  in  the  bile  of  the  pig  and  have  been  resolved  into  gycocoll, 
or  taurine  and  hyocholi^  acid  C-^gH^O^  a  compound  resembling 
cholic  acid. 

Chenotaurocholic  Acid  CggH^NSOQ  is  homologous  with  hyotauro- 
cholic acid,  and  occurs  in  the  bile  of  the  goose ;  it  yields,  as  products 
of  decomposition,  taurine  and  chenocholic  a^id  Cg^H^^O^. 

Liihofellic  Acid  Q^fi^O^  forms  the  chief  constituent  of  the  once 
celebrated  "  oriental  bezoar-stones,"  which  are  said  to  be  biliaiy 
calculi  from  a  species  of  antelope.  It  crystallizes  from  alcohol  in 
small  transparent  six-sided  prisms,  which  with  sulphur  acid  and 
sugar  give  the  same  reaction  as  glycocholic  acid. 
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Choksterln  CggH^^O  +  H^O  is  found  in  the  bile,  the  brain  and 
nerves,  in  blood  and  the  yolk  of  eggs,  and  forms  the  chief  constituent 
of  biliary  calculi ;  it  has  also  been  found  in  plants.  From  alcohol  it 
crystallizes  in  small,  brilliant  plates,  and  from  ether-alcohol  in 
beautiful  large  plates,  which  are  tasteless,  and  colourless,  and  melt 
at  145^  and  sublime  when  more  strongly  heated. 

Cholesterin  is  a  monad  alcohol,  and  apparently  homologous  with 
cinnyl  alcohol. 

Cholesterol  Chloride  Cj^H^Cl  is  produced  by  heating  cholesterin 
with  strong  hydrochloric  acia  and  crystallizes  in  colourless  needles. 

ChoUsterylamine  C2gH^.NH2  is  obtained  by  heating  the  chloride  with 
alcoholic  ammonia.  It  crystallizes  in  small  iridescent  plates,  melting 
at  104^  and  exhibiting  in  the  liquid  state  a  fine  bluish  violet 
fluorescence. 

Cholestenjl  Acetate  G^  H^O.CjHjO  is  formed  by  heating  cholesterin 
with  acetyl  chloride,  and  crystallizes  from  hot  alcohol  in  small 
needles,  melting  at  92°. 

Cholesteryl  Benzoate  CggH^O.CyHgO  is  produced  by  heating 
cholesterine  with  benzoic  acid  in  sealed  tubes  to  200^  It  crystal- 
lizes from  ether  in  small,  thick,  rectangular  plates,  melting  at  125''. 

Oxycholic  Add  C24H^O-  is  obtained  by  oxidizing  cholesterin  with 
a  dilute  solution  of  chromic  acid.  It  is  an  amorphous  mass,  having 
a  bitterish-sweet  taste. 

Isocholesterin  CggH^O  is  found  together  with  cholesterin  and  fatty 
acids  in  suint.  It  crystallizes  from  ether  in  slender,  transparent 
needles,  melting  at  liT. 

Isocholesteryl  Benzoate  CggH^O.CyHgO  crystallizes  from  acetone  in 
tufts  of  brilliant  needles,  and  from  ether  in  microscopic  needles. 

Bilindnn  G^Jl^^TSfi^  exists  in  small  quantity  in  the  bile  of  different 
animals,  and  m  larger  quantity  combined  with  calcium  in  certain 
biliary  calculi,  and  is  best  obtained  from  those  of  the  ox.  It  is 
insoluble  in  water,  sparingly  soluble  in  alcohol  and  ether,  freely  in 
chloroform,  and  forms  dark-red  crystals.  In  alkalis  it  dissolves  with 
a  dark-orange  colour ;  the  salts  of  other  metals  produce  dark-brown 
precipitates  in  this  solution. 

Biliverdin  Ci^Hj^NgOg. — ^When  an  alkaline  solution  of  bilirubin  is 
exposed  to  the  air  it  turns  green,  and  on  addition  of  an  acid  a  green 
precipitate  is  formed,  crystallizing  from  glacial  acetic  acid  in  green 
rhombic  plates. 

Hydrobiliruhin  or  Urobilin  Cj^H^N^Oy  is  produced  by  the  action 
of  sodium-amalgam,  and  water  on  bilirubin,  and  biliverdin,  and 
exists  also  in  urine,  chiefly  in  the  dark-coloured  one  of  fever-patients. 
It  dissolves  in  alcohol  and  chloroform  with  a  yellowish-red  colour, 
and  in  alkalis  with  a  brown  colour.  By  adding  a  little  zinc  sulphate 
to  its  ammoniacal  solution  the  liquid  assumes  a  red  colour,  and 
exhibits  a  green  fluorescence. 

BUifusdn  CigHj^^O^  is  an  almost  black,  glistening,  brittle  mass. 
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dissolving  in  alkalis  and  alcohol  with  a  brown  colour ;  it  is  found  in 
small  quantity  in  biliary  calculi. 

Biliprasin  CigHg^NgOg  occurs  in  biliary  calculi,  and  in  the  ox-bile. 
It  is  a  dark-green  powder,  insoluble  in  water,  and  dissolving  in 
alcohol  with  a  green  colour,  and  in  alkalis  with  a  brown  colour. 

When  nitric  acid  "containing  a  little  nitrous  acid  is  added  to  an 
alkaline  solution  of  any  of  these  colouring  matters  of  bile,  the  liquid 
first  assumes  a  yellow  colour,  changing  successively  into  green,  blue, 
violet,  red,  and  finally  again  into  yellow. 

Bilihumin  is  a  dark  brown  substance  existing  in  all  biliary 
calculi,  and  which  is  also  the  final  product  produced  by  exposing  an 
alkaline  solution  of  the  other  colouring  matters  of  bile  to  the  air. 

Cystine  C^H^NSOg  occurs  in  the  form  of  calculi  or  sediment  in  the 
bladder.  On  dissolving  it  in  ammonia,  and  allowing  the  solution  to 
evaporate,  it  is  obtained  in  small,  colouriess,  six-sided  plates.  On 
heating  it  with  soda-solution  it  yields  sodium  sulphide,  and  when 
treated  with  zinc  and  hydrochloric  acid  it  gives  off  hydrogen  sulphide. 
It  has  probably  the  following  constitution  : — C2H3(SH)(NH2)C02H. 

Kynurenic  Add  G^^^^fi^  exists  in  the  urine  of  the  dog,  and 
forma,  in  the  pure  state,  silver-white  glistening  needles  containing  2 
molecules  of  wat-er ;  it  is  insoluble  in  water,  but  dissolves  in  con- 
centrated acids.  Barium  KynurcncUe  CgoH^gBaNgOg  +  SH^O  is 
sparingly  soluble  in  water  and  crystallizes  in  glisteniDg  compact 
needles. 

When  kynurenic  acid  is  heated  to  265°  it  melts,  giving  off  carbon 
dioxide,  and  being  converted  into  Kynurine  Cij^H^^NgOg,  crystallizing 
from  warm  water  in  beautiful  transparent  prisms,  melting  at  2I0^ 
The  hydrochloride  Cj8Hi^N202(ClH)2  H-  2H2O  forms  colourless 
needles,  and  yields,  with  platinic  chloride,  the  compound  CigHj^NjOj 
(C1H)2  H-  rtCl^,  existing  in  beautiful  crystals. 

Lithuric  Acid  CjjHjgNOg. — A  peculiar  kind  of  calculi,  which  are 
voided  with  the  urine  by  oxen  fed  on  the  stalks  of  Indian  corn  in 
Toskana..  consist  of  the  magnesium  salt  of  this  acid  (Cj5Hi8NOg)2Mg  ; 
it  crystallizes  from  boiling  water  in  small  monoclinic,  transparent 
prisms,  which  on  heating  decompose,  giving  off  the  smell  of  burnt 
sugar.  The  free  acid  crystallizes  from  hot  water  in  fine,  silky,  white 
needles,  melting  at  205°. 

Excretin  G^M^fi  is  contained  in  human  faeces,  and  crystallizes 
from  hot  alcohol  in  small  needles.  By  the  action  of  bromine  it  is 
converted  into  dihromexcretin  CgoHg^BroO,  crystallizing  from  ether- 
alcohol  in  hard,  globular  masses. 
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ALBUMINOIDS   OR   PROTEIDS. 

These  important  compounds  form  the  chief  parts  of  the  solid  con- 
stituents of  blood,  muscles,  glands,  and  other  organs,  and  occur 
also  in  plants,  principally  in  the  seeds.  Their  constitution  is  com- 
pletely hidden  in  darkness;  from  the  results  of  their  ultimate 
analysis  no  formula  can  be  calculated,  on  account  of  their  high 
molecular  weight,  which,  however,  is  not  known,  as  they  do  not  form 
definite  compounds  with  other  bodies,  and  are  neither  volatile  nor 
crystalline.  It  is  not  even  known  whether  some  of  them  are  pure 
compounds  or  only  mixtures.  They  have  all  a  very  similar  composi- 
tion, and  contain  in  100  parts  : — 

52 — 54  parts  of  Carbon 

7 — 7*3      „        Hydrogen 
13 — 16        „        Nitrogen 
21—26       „        Oxygen 

1—1-6      „        Sulphur 

They  also  always  contain  a  small  quantity  of  calcium  phosphate. 

Most  proteids  exist  in  a  soluble  and  an  insoluble  modification. 
An  aqueous  solution  of  the  soluble  bodies  dries  up  to  a  gum-like 
mass,  and  is  precipitated  by  different  agents,  the  insoluble  modifica- 
tion separating  out  as  amorphous  white  flakes,  or  curds. 

They  all  dissolve  in  glacial  acetic  acid,  in  a  strong  solution  of 
phosphoric  acid,  in  concentrated  hydrochloric  acid,  and  in  alkalis. 
When  the  acetic  acid  solution  is  diluted  with  much  water  it  yields 
precipitates  with  potassium  ferrocyanide,  ferricyanide  and  platino- 
cyanide.  On  boiling  them  with  hydrocliloride  acid  in  contact  with 
the  air,  the  solution  assumes  a  blue  colour,  changing  gradually  into 
violet  and  brown.  When  their  alkaline  solution  is  boiled,  a  part  of 
the  sulphur  is  eliminated  in  the  form  of  an  alkaline  sulphide.  On 
heating  a  proteid  with  a  solution  of  mercurous  nitrate  containing 
nitrous  acid,  it  assumes  a  fine  red  colour,  and  a  similar  colour  is  pro- 
duced by  the  joint  action  of  a  solution  of  sugar  and  sulphuric 
acid. 

When  exposed  to  the  air  in  the  moist  state,  they  rapidly  undergo 
putrefaction,  the  products  consisting  of  ammonia,  ammonium  sulphide, 
carbon  dioxide,  volatile  fatty  acids,  lactic  add,  amines,  leudrie  and 
tyrosine. 

The  two  latter  bodies  are  also  produced  by  boiling  a  proteid  with 
dilute  sulphuric  acid. 

Chromic  acid-solution  oxidizes  them  to  fatty  aldeJiydes,  acids  and 
nitriles  and  benzaldehyde  and  benzoic  acid. 

On  heating  them  with  water  and  bromine  under  pressure  they  are 
resolved  into  carbon  dio.ride.  hrownform,  brnmncHic  na'd,  oxalic  acid^ 
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iispariic  acid,  lemine,  leucimicUy  hromanil,  and  amidotrihromobenzoic 
acid. 

When  heated  with  hydrochloric  acid  and  stannous  chloride,  they 
undergo  a  very  simple  decomposition,  being  resolved  into  ammonia, 
aspartic  acid,  glutamic  acid,  leucine  and  tyrosine, 

Serum-Albumin  exists  in  the  blood  of  vertebrate  animals,  in  chyle 
and  lymph,  &c.,  and  in  small  quantity  also  in  milk.  In  diseases  of 
the  kidneys  it  appears  in  considerable  quantity  in  urine. 

It  is  prepared  by  diluting  blood-serum  with  a  little  water,  and 
adding  carefully  acetic  acid,  to  precipitate  other  proteids.  The 
filtrate  is  evaporated  at  a  temperature  not  exceeding  40°,  and  thus 
an  amorphous  mass  is  obtained,  giving  with  cold  water  a  clear 
solution. 

Wlien  a  solution  of  albumin  is  heated  to  72°  it  coagulates  to  a 
compact  mass.  The  presence  of  acids  or  salts  mises  the  temperature 
of  coagulation,  whilst  alkalis  lower  it.  On  adding  hydrochloric  acid 
to  a  solution  of  albumin,  a  precipitate  is  formed  which  dissolves  in  an 
excess  of  the  acid. 

Egg-Albumin  is  contained  in  the  white  of  the  egg,  and  differs  from 
serum-albumin  by  being  almost  insoluble  in  nitric  acid,  and  being 
gradually  precipitated  when  its  solution  is  shaken  with  ether.  It  is 
also  precipitated  by  hydrochloric  acid,  but  dissolves  only  with  difficulty 
in  an  excess. 

The  two  albumins  possess  right-handed  rotatory  power ;  that  of 
egg-albumin  being  less  powerful  than  that  of  the  other. 

Vegetable  Albumin  exists  in  almost  every  vegetable  juice,  and 
coagulates  when  its  solution  is  heated ;  it  has  not  been  obtained  pure, 
and  is  therefore  only  imperfectly  known. 

Casein  is  found  in  mUk  and  the  yolk  of  eggs,  and  obtained  in  a 
pure  state  by  adding  dilute  sulphuric  acid  to  milk,  from  which  the 
cream  has  been  removed,  and  digesting  the  curdy  precipitate  with 
water  and  lead  carbonate.  The  solution  thus  formed  is  treated  with 
hydrogen  sulphide,  and  the  filtrate  evaporated  at  a  low  temperature. 

Casein  is  insoluble  in  pure  water,  but  dissolves  if  a  trace  of  an 
acid  or  alkali  be  present.  This  solution  is  precipitated  by  [acids,  a 
compound  of  casein  with  the  acid  being  formed.  A  solution  of  casein 
is  also  precipitated  by  adding  some  '*  rennet "  to  it,  and  heating  to 
about  53°,  but  not  by  heat  alone. 

Vegetable  Casein  or  Legumin  exists  in  many  seeds  such  as  peas, 
beans,  vetches,  &c.,  from  which  it  is  obtained  by  softening  them  with 
warm  water,  and  triturating  them  into  a  pulp,  which  is  pressed 
through  a  sieve.  On  standing,  the  liquid  deposits  starch  ;  the  clear 
solution  is  then  decanted  and  precipitated  with  acetic  acid.  Legumin 
has  great  resemblance  with  milk-casein. 

Conglutin  is  a  proteid  existing  in  almonds  and  lupine-seeds.  It  is 
a  white  powder,  which  is  sparingly  soluble  in  water,  and  freely  in 
dilute  alkalis  and  in  acetic  acid.  Acids  precipitate  it  from  the 
alkaline  solution  as  a  very  adhesive  mass,  drying  up  to  a  glassy 
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substance.  It  is  the  best  material  for  the  preparation  of  glutamic 
acid  (see  page  233). 

Blood-Fibrin  is  dissolved  in  the  blood,  but  coagulates  as  soon  as 
the  blood  leaves  the  living  organism,  and  forms,  together  with  the 
red  blood-globules,  the  blood-coagulura.  But  if  blood  be  run  from 
the  veins  into  a  concentrated  solution  of  glauber-salt,  the  fibrin 
remains  in  solution,  from  wliich,  after  filtration,  it  is  precipitated  by 
adding  common  salt. 

Muscle-Fibrin  or  Myosin. — To  obtain  this  body,  finely  chopped 
meat  is  exhausted  with  cold  water,  and  the  residue  triturated  with  a 
solution  containing  not  more  than  10  per  cent,  of  common  salt.  The 
mucilagenous  solution  thus  obtained  is  precipitated  by  adding  more 
salt,  myosin  being  only  soluble  in  a  dilute  solution  of  salt,  but 
neither  in  a  concentrated  one  nor  in  pure  water. 

Globulin  is  contained  in  blood-serum,  and  obtained  as  a  granular 
precipitate  by  diluting  the  serum  with  ten  parts  of  water,  and  passing 
a  rapid  cuiTent  of  carbon  dioxide  through  the  solution.  It  dissolves 
in  very  dilute  salt-solutions,  and  in  water  containing  a  trace  of  an 
acid  or  alkali,  but  becomes  insoluble  when  heated  with  water  to  70°. 

Vitellin  occurs  in  the  yolk  of  eggs,  and  is  obtained  by  treating  the 
yolk  with  ether  to  remove  fats  and  the  colouring  matter ;  it  is  a 
white  granular  powder,  which  is  soluble  in  salt  solutions.  It  has 
great  resemblance  with  myosin,  from  which  it  differs  by  not  being 
precipitated  by  saturating  the  solution  with  salt. 

Syntonin  is  produced  by  the  action  of  weak  hydrochloric  acid  on 
myosin  or  that  of  strong  acid  on  any  other  prot^id.  When  the 
solution  thus  formed  is  diluted  with  water,  syntonin  is  precipitated 
in  combination  with  the  acid.  Wlien  this  compound  is  decomposed 
by  a  dilute  solution  of  sodium  carbonate,  syntonin  goes  in  solution. 
It  is  insoluble  in  water,  but  dissolves  in  acids  and  in  alkaline 
carbonates. 

Vegetable  Fibrin. — When  wheaten  flour  is  made  into  a  paste  with 
water,  and  this  is  tied  up  into  a  cloth  and  washed  with  water  as 
long  as  starch  passes  through,  an  adhesive,  elastic  substance  is  left 
behind,  which  is  called  gluten,  and  consists  of  a  mixture  of  vegetable 
fibrin  and  gliadin.  They  are  separated  by  dissolving  the  gliadin  in 
alcohol  and  treating  the  residual  fibrin  with  ether  to  remove  fat. 
Vegetable  fibrin  is  a  soft,  elastic  mass,  dissolving  in  very  weak  acids, 
and  alkalis,  from  which  it  is  precipitated  by  salts. 

Gliadin  or  Vegetable  Glue  is  an  adhesive  substance,  which  dries  up 
to  a  horny,  translucent  mass,  resembling  glue.  It  is  insoluble  in 
water,  but  dissolves  in  alcohol,  acetic  acid  and  dilute  alkalis. 

Heeniaglobin  forms  the  principal  part  of  the  red  blood-globules. 
It  is  soluble  in  water ;  when  alcohol  is  added  to  this  solution,  and 
the  liquid  is  left  to  stand  at  a  temperature  below  0°,  hcemaglobin 
separates  out  in  the  ciystalline  state,  the  form  of  the  crystals  varying 
with  the  animals.  After  being  dried  over  sulphuric  acid  at  a 
temperature  not  above  0",  it  forms  a  brick-red  powder. 
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HsBmaglobin  combines  with  maiiy  gases,  foTming  peculiar  unstable 
compounda.  Thus  it  absorbs  oxygen,  and  assumes  a  bright-red 
colour  (arterial  blood).  "WTien  carbon  monoxide  is  passed  through 
this  solution  the  oxygen  ia  given  off,  and  the  hoemaglobin  combines 
with  the  carbon  monoxide,  which  again  may  be  replaced  by  nitrogen 
dioxide.     It  also  combines  with  acetylene  and  hydrochloric  acid. 

Arterial  blood,  or  a  solution,  bsemaglobin  saturated  with  oxygen 
gives  an  absorption  spectrum  containing  two   dark  bands  (Fig.  15, 


Fio.  It. 

Ko.  1),  which,  on  saturating  the  liquid  with  carbon  dioxide  (venous 
blood),  are  replaced  by  a  sii^le  band  as  seen  in  No.  2.  On  shaking 
venous  blood  with  air  the  two  original  bands  make  their  appearance 
again. 

Htemaglobin  contains  in  100  parts  : — 

Carbon 64-2 

Hydrogen 72 

NitK^n 160 

Oxygen 21-5 

Sulphur 0-7 

Iron ,     .       04 

1000 

ffeematin  C„Hg(N^OjFe  is  produced,  together  with  a  proteid, 
when  hsemaglobin  is  treated  with  acids  or  alkalis.  It  is  an  amorph- 
ous bluish-black  mans,  having  a  metallic  lustre,  and  dissolving  in 
alkalis,  but  not  in  alcohol  and  water.  It  is  also  capable  of  yielding 
two  alMorption-spectra  by  the  action  of  oxygen  and  carbon  dioxide ; 
these  bands  are  seen  in  Fig.  Ifl,  Nos.  3  and  4. 
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Its  alkaline  solution  may  be  boiled  without  being  changed. 
Sulphuric  acid  dissolves  hsematin,  and  on  adding  water,  the  com- 
pound Cg^HjgN^Og  is  precipitated ;  it  is  an  amorphous  mass  resembling 
hsematin. 

Hcematin  HydrocMoride  or  Hcemine  {C^Ji^ fi^Q\(ELC\)^  is  pro- 
duced by  heating  haimaglobin  with  glacial  acetic  acid,  and  common 
salt.  It  crystallizes  in  thin  rhombic  plates,  possessing  a  brownish- 
red  colour,  and  bluish-red  reflection.  Alkalis  decompose  it  into 
hsematin  and  hydrochloric  acid. 

The  formation  of  these  blood-crystals  is  made  use  of  as  a  test  for 
detecting  blood-spots  in  criminal  cases. 

Mucin  is  contained  in  the  secretions  of  the  mucous  membranes 
and  is  conveniently  prepared  by  precipitating  filtered  ox-bile  with 
alcohol,  dissolving  the  precipitate  in  water,  and  precipitating  again 
with  acetic  acid.  It  swells  up  in  a  little  water,  and  dissolves  in  a 
large  quantity;  its  solution  does  not  coagulate  on  heating.  Mucin 
contains :   carbon  52*2,  hydrogen  7*0,  nitrogen  126,  oxygen  28*2. 

Keratrin, — ^This  name  is  given  to  the  residual  mass,  which  is 
obtained  by  exhausting  epidermis,  nails,  claws,  hoofs,  hair,  wool, 
whale-bone,  &c.,  with  ether,  alcohol  and  a  dilute  acid.  It  dissolves 
in  potash  with  the  formation  of  ammonia  and  potassium  sulphide, 
and  acids  produce  in  this  solution  a  gelatinous  precipitate.  When 
the  substances  above  mentioned  are  boiled  with  dilute  sulphuric  acid, 
they  yield  tyrosine  and  leucine,  and  nitric  acid  imparts  to  them  a 
yellow  colour.  The  composition  of  keratrin  does  not  differ  much 
from  that  of  the  proteids,  but  it  contains  more  sulphur : — 


Human-hair    .     .     ,     , 

Percentage  of 
Sulphur. 

,    4—5 

Human-nails  .     .     .     . 

.    2-8 

Epidermis 

Wool 

0-7 
,     2—3-5 

Horse-hoofs     .     .     . 

,     4-2 

Whale-bone    .     .     .     . 

,     3-5 

Tortoise-shell .     .     .     . 

.     20 

Elastin  is  a  substance  resembling  keratrin,  and  is  contained  in  the 
ligamentum  nuchae  of  cattle.  It  is  in  the  moist  state  extensible,  but 
becomes  brittle  after  drying.  Its  alkaline  solution  is  not  precipitated 
by  acids.  A  similar  substance  has  been  found  in  the  egg  of  the 
common  snake. 


GELATIN  AND  CHONDRIN. 


These  two  compounds  do  not  pre-exist  in  the  animal  organism, 
but  are  produced  by  the  action  of  boiling  water  on  certain  tissues. 
Gelatin  is  obtained  by  boiling  bones,  tendons,  skin,  bladder,  &c., 
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with  water.  The  pure  compound,  as  seen  in  isinglass,  is  a  colourless, 
glassy,  brittle  mass,  while  glue  is  more  or  less  coloured.  It  softens 
in  cold  water,  and  is  converted  into  a  gelatinous  mass,  and  with 
boiling  water  it  forms  a  thick,  viscid  solution  which,  on  cooling 
again,  solidifies  to  a  jelly.  When  a  little  nitric  acid  is  added  to  a  hot 
solution  of  gelatine  it  remains  liquid  in  the  cold. 

Its  solution  is  precipitated  by  tannin,  even  if  very  dilute,  a 
white  curdy  mass  separating  out.  The  tissues  yielding  gelatine  also 
combine  with  tannin ;  thus,  on  placing  a  piece  of  bladder  or  skin 
into  a  solution  of  tannin,  the  latter  is  completely  removed  and  leather 
is  formed. 

When  gelatin  is  submitted  to  dry  distillation  it  yields  ammonium 
carbonate,  ammonium  sulphide,  ammonium  cyanide,  amines,  pyridine 
bases,  pjnrrol,  and  other  compounds,  and  when  it  is  boiled  with  dilute 
sulphuric  acid  it  yields,  among  other  products,  glycocoU  and 
leucine. 

The  composition  of  gelatin  is : — 

Carbon 493 

Hydrogen 6*6 

Nitrogen 18-3 

Oxygen 258 

1 000 

It  also  contains  invariably  a  small  quantity  of  sulphur. 

Chondrin  is  produced  by  the  action  of  boiling  water  on  the  young 
bones,  whilst  yet  in  a  soft  state,  and  on  the  cartilage  of  the  ribs  and 
joints.  It  resembles  gelatine,  but  differs  from  it  by  being  precipitated 
from  its  solution  by  the  addition  of  a  little  acid,  and  re-dissolving  by 
adding  more.  AVhen  it  is  boiled  with  hydrochloric  acid,  it  yields  a 
fermentable  sugar.    Its  composition  is : — 

Carbon 50-0 

Hydrogen .6*6 

Nitrogen 14*4 

Oxygen 290 


100-0 


SILK, 

When  raw  silk  is  heated  with  water  under  pressure,  it  yields  two 
compounds. 

Fibroin  CjgHgjN^Og  constitutes  about  66  per  cent,  of  raw  silk ;  it 
is  a  silky,  glistening  substance  which  is  insoluble  in  water,  but 
dissolves  in  strong  acids,  alkalis  and  a  solution  of  cuprammonium 
sulphate.  When  boiled  with  dilute  sulphuric  acid  it  yields  glycocolli 
ieucine  and  tyrosine. 
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By  treating  sponge  with  ether,  alcohol,  hydrochloric  acid,  and 
dilute  soda,  spongin  is  left  behind,  which  has  great  resemblance  to 
fibroin,  and  also  yields  glycocol,  and  leucine,  but  no  tyrosine. 

Sericin  or  Silk-gelatin  C^^K^^lSfiQ  is  a  substance  resembling 
gelatin.  Its  hot  aqueous  solution  is  precipitated  by  alcohol,  and  after 
drying  the  precipitate  forms  a  colourless  powder,  which  in  cold 
water  swells  up  to  a  gelatinous  mass.  On  boiling  it  with  a  dilute 
sulphuric  acid  it  yields  a  smaU  quantity  of  leucine,  and  larger 
quantities  of  tyrosine,  and  serine,  or  amidoglyceric  acid. 


FERMENTS. 

Under  the  head  of  fermentation  it  has  already  been  mentioned 
that  several  kinds  of  sugar,  and  other  bodies  such  as  glucosides, 
if  a  ferment  be  added  to  their  dilute  solution,  are  resolved  into 
two  or  more  new  compounds.  Ferments  are  proteids  in  a  peculiar 
state  of  decomposition.  Their  constitution  is  quite  unknown,  and 
none  of  them  has  been  yet  obtained  in  a  pure  state. 

Yeast  consists  of  one  of  the  lowest  members  of  the  vegetable 
kingdom  (Torula  cerevisia:).  On  treating  it  with  dilute  potash  the 
cells  are  disintegrated,  and  their  contents  dissolve  in  the  potash.  On 
adding  acetic  acid,  white  flakes  are  precipitated,  which,  after  drying 
form  a  yellow,  brittle  mass,  and  contain  : — 

Carbon 55*0 

Hydrogen 7*5 

Nitrogen 14-0 

Oxygen 230 

Sulphur 0-5 


100-0 


Yeast  has  not  only  the  property  of  resolving  glucose  into  alcohol 
and  carbon  dioxide,  but  also  to  decompose  calcium  malate  into 
calcium  carbonate,  acetate  and  succinate,  and  to  convert  salicin  in 
presence  of  chalc,  into  lactic  acid,  and  saligenin. 

When  yeast  is  kept  under  water,  fermentation  sets  in,  carbon 
dioxide  is  evolved,  and  the  liquid  contains  after  some  time  a  little 
alcohol,  a  kind  of  albumin  and  leucine. 

By  washing  yeast  with  water,  an  organic  substance  goes  gradually 
in  solution,  possessing  in  the  highest  degree  the  property  of  con- 
verting cane-sugar  into  inverted  sugar. 

Diastase. — When  grain.germinates  a  portion  of  one  of  the  proteids 
is  transformed  into  diastase,  which  may  be  obtained  by  precipitating 
a  cold  infusion  of  malt  with  alcohol  in  white  flakes.  Its  aqueous 
solution  is  not  coagulated  on  heating,  and  possesses  the  properties  of 
converting  starch  into  dextrin  and  dextrose,  one  part  being  sufficient 
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for  the  conversion  of  100,000  parts  of  starch.     The  composition  of 
diastase  is  not  known. 

Emulsin  or  Synaptase  is  the  specific  ferment  of  bitter  almonds,  and 
exists  also  in  sweet  almonds,  from  which  it  is  obtained  by  exhausting 
the  powdered  paste,  from  which  the  oil  has  been  expressed  with  cold 
water,  adding  acetic  acid  to  the  solution  to  remove  proteids,  and 
precipitating  the  emulsin  with  alcohol.  It  is  a  white,  friable  mass, 
containing  about  30  per  cent,  of  calcium  phosphate,  and  consisting, 
after  deducting  the  ash,  of : — 

Carbon 42-9 

Hydrogen 71 

Nitrogen 11*5 

Oxygen 373 

Sulphur    ......     1-2 

100-0 

Emulsin  has  the  specific  property  of  decomposing  amygdalin, 
salicin,  arbutin,  sesculin,  and  other  glucosides. 

Myrosin  is  contained  in  black  mustard-seed,  and  is  a  substance 
resembling  diastase.  It  is  without  any  action  on  amygdalin,  but 
readily  decomposes  potassium  myronate,  into  mustard-oil,  sugar,  and 
acid  potassium  sulphate. 

*  Pepsin  is  a  substance  resembling  mucin,  and  is  found  in  th^astric 
juice.  It  possesses  the  specific  property  to  convert  proteids  in  the  pre- 
sence of  an  acid,  into  soluble  modifications,  called  peptones, 

Ptyalin  exists  together  with  mucin  and  salts  in  saliva;  it  is 
sparingly  soluble  in  water,  and  insoluble  in  alcohol,  and  possesses  the 
property  of  changing  starch  into  dextrin  and  dextrose,  and  decom- 
posing salicin  into  sugar  and  saligenin. 

Similar  substances  exist  in  the  pancreatic  and  intestinal  fluids, 
which  have  an  alkaline  reaction.  The  pancreatic  fluid  converts 
starch  rapidly  into  dextrose,  and  proteids  into  peptones,  and  resolves 
fats  into  glycerin  and  fatty  acids.  The  intestinal  fluid  also  transforms 
proteids  into  soluble  modifications,  and  starch  into  sugar,  and  the 
latter  into  lactic  acid,  and  butyric  acid. 


INDEX. 


A. 

Aoenaphthene,  437 
Acetal,  195 
Acetaldehyde,  134 
Acetamide,  143 
Acetanilide,  323 
Acetdiamine,  143 
Aoetenyl-bensene,  385 
Acetic  anhydride,  141 
Acetochlorhydrin,  255 
Acetocinnamone,  402 
Acetoluides,  350 
Acetone,  152 
Acetones,  86 
Acetonitrile,  93 
Acetophorone.  153 
Acetyl  bromiae,  141 

chloride,  140^ 

cyanide,  141 

iodide,  141; 

oxide,  141 

peroxide,  142 

sulphide,  142 
Acetyl-oenxene,  388 
Acetylene,  274 
Acetylene  di-iodide,  274 
Acetyl-phenol  ether,  333 
Acetyl'Silicon  oxide,  142 
Acid,  acetic,  136 

acetone- carbonic,  1^ 

aoetonic,  218 

acetylcitric,  238 

acetyl-lactic,  211 

acetylmalic,  224 

acetyltartaric,  227 

aconic,  238 

aconitic,  238 

acrylic,  266 

adipic,  235 

adipotartaric,  236 

allophanic,  120 

aUoxanic,  243 

aloetic,  485 

alphatoluic,  388 

alphaxylic,  390 

amalic,  252 

amenthenic,  234 

amidacetic,  199 

amidethylsulphonic,  192 


Acid,  amidobenzenesulphonic, 
326 
amidobenzoic,  365 
amidobutyric,  217 
amidocumic,  401 
amidodracyUc,  365 
amidoglyceric,  259 
amido-isocaproic,  234 
amidomalonic,  246 
amidonitrobeozoic,  366 
amidopropionic,  212 
omidosalicylic,  370. 
amidosalyhc,  365 
amidoBuccinamio.  224 
amidosuooinic,  224 

amidovalerianic,  231 

amylumsulphuric,  293 

an^lic,  269 

anisic,  871 

anthracenecarbonic,  454 

anthracenesulphonioy  445 

anthraflaTio,  450 

anthranilic,  365 

anthraquinonedisulpho* 
nic,  447 

anthxtuiuinonemonoflul- 
phonic,  447 

arachidic,  174 

areeumonomethylic,  99 

aspartic,  224 

atropic,  894 

azelaic,  236 

azobenzeneiulphonic,  328 

asobenzoic,  3d5 

azulmic,  243 

barbituric,  246 

behenio,  174 

behenolic,  272 

behenoxylic,  272 

bencamidacetic,  362 

benzenediaul^honic,  320 

benzenesulphinio,  «21 

benzenetnlphonio,  320 

benzhydryloenzoio,  419 

benzilic,d21 

benzoic,  309 


i 


benzoleic,  363 
a  benzoyl-benzoic,  418 
„        449 
nzoyl-glycoUio,  868 


do: 


AjIcI,  boniylbenzoio,  419 
bibromopyrotartario, 

288 
bihydrocarboxylio,  69 
bomeol-camphoiio,  303 
brassic,  237 
bromobenzoic,  364 
bromomalophthalio,  405 
butylactic,  216 
butyric,  155 
cacodylic,  98 
caffeetannio,  464 
caffeie,  897 
camphocarbonio,  303 
campholic,  306 
oamphorio,  306  * 
camphoronic,  306 
oapno,  171 
caproic,  166 
oaprylio,  169 
carbamio,  65 
carbolic,  331 
carbonic,  64 
carbopyroUic,  282 
carminlc,  462 
catechutannic,  464 
oerotio,  174 
chelidonio,  288 
chenotaurocholic,  488 
chinoUneeulphonio,  469 
ohinovic.  466 
chloraniUunic,  842 
chloraniUo,  341 
chlorethylflulphonic;  192 
ohlorobraioic,  368 
chlorodracylic,  868 
chloromnconio^  281 
a  chloropropionio,  210 
/» ,     „       „  269 

chloroMlylio.  2i9S 
chloroiynapnthalic,  436 
ohiyiaiiimio,  450 
ohrysanlalo,  872 
chrysophanic,  450 
daicic,  270 
dnnainiOy  892 
citrabibromopyrotartAric, 

289 
eitraconie,  288 
dtramalic,  210 

KK  2 
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Acid^  citramonochloi*opyro- 

tartaric,  240 
citratartaric,  240 
citric,  237 
oomenic,  2S4 
convolvulic,  415 
convolvuliiiolic,  465 
copaibic,  30S 
oreaotic,  379 
croconic,  70 
crotonic,  267 
oumaric,  396 
cumic^  401 
cumidic,  399' 
cumylic,  399 
cyaDaoetic,  147 
cyanic,  57 
cyanopropionic,  222 
cyanuric,  58 
oymlc,  403 
deoxalic,  240 
deoxyglutanic,  233 
dextrocainphorie,  306 
dextrosesutphuric,  289 
dextrotartaiic.  226 
diacetylfrangulic,  451 
diacet^ltartaric,  227 
dialunc,  244 
diamidobenzoic,  366 
diazo-amidobenzoic,  366 
diazobenzoic,  365 
dibenzylcarbonic,  422 
dibenzyldicarbonic,  422 
dibromacetic,  147 
dibromadipic,  281 
dibromosuccinic,  222 
dichloracetic,  145 
dichloranthraceue-  disul- 

phonic,  445 
dichlorobenzoic,  364 
dichlorodracylio,  364 
dichlorosalylic,  364 
diethoxalk,  235 
diethylacetic,  167 
diethylphosphoric,  115 
digalHc,  373 
di^lycoUic,  198 
di-iodacetic,  147 
diUtario,  246 
dimethoxalic,  218 
dimethylparabanic,  252 
dimethylisucciiiic,  286 
dinitranisic,  371 
dinitrobenzoic,  365 
diDitroparamidobenzoic, 

872 
dioraeUinic,  380 
dioxyboDzoic,  872 
diphenic,  442 
diphenylacetio,  421 
diphenyldisulphonic,  416 
dipheoylglycoilic,  421 
diphenylmonosulphonic, 

416 
diphonylpropioDic,  422 
d4>henylsucoiaic,  422 
diphthalic,  424 
disulphobenzoic,  367 
ditartaric,  226 
elaXo,  270 


Acid,  elaidic,  271 
olla^c,  373 
onicic,  271 
ervthric,  379 
ethenedisulphonic,  193 
etheno-lactic,  213 
ethenesiilphonic,  191 
ethenesulphuric,  191 
ethenylaulphuric,  275 
ethidene-lactic,  214 
ethionic,  191 
othomethoxalic,  232 
ethylacetic,  140        ' 
ethylacetone  -carbon  ic, 

139 
ethylbanzoic,  390 
ethylcacodylic,  126 
ethylcrotonic,  270 
ethyldiaoetic,  139 
ethyldisulpbocarbouic, 

117 
ethylgly  collie,  197 
ethyl-lactic,  210 
ethylmalic,  224' 
ethymalonic,  232 
ethyloxalic,  203 
ethyloxamic,  205 
ethylphoiphinic,  124 
ethylphosphoric,  115 
othylphosphorous,  115 
ethylsuccinic,  220 
ethylsulphonic,  114 
ethylsnlphuric,  113 
ethvltartaric.  227 
oucnroic,  404 
eugenic,  391 
eugetic,  402 
euxanthic,  414 
euxanthonio,  414 
evemio,  380 
eveminic,  380 
filicic,  844 
fluobenzoic,  864 
formic,  104 
frangulic,  451 
fulminic,  148 
fulminuric,  149 
fumaric,  225  ^ 
gaSdic,  270 
gallic,  373 
gallotannic,  463 
glucinic,  289 
gluconic,  287 
glutamic,  233 
glutanic,  233 
glyceric,  259 
glycerinphosphoric,  256 
glycocholic, 
glycollic,  196 
glycoluric,  248 
glyoxylic,  205 
guaiacic,  308 
guaiaretic,  308     — • 
nemimellitic,  407 
hemipinic,  475 
heptvlic,  168 
hexahydrophthalic,  405 
hexylic,  166 
hippuric,  362 
homocumio,  403 


Acid,  hvaenic,  174 
hydantoic,  248 
bydracrylic,  259 
bydratropic,  3S>5 
hydrazobenzoic,  365 
hydrocaffeic,  397 
hydrocarboxylic,  69 
bydrocinnamic,  390 
hydrocumaric,  396 
hydrocyanic,  60 
hydroferricyanic,  56 
hydroferrocyanic,  54 
hydromeconic,  284 
hydromellitic,  405 
hydromuconic,  281 
hydroparacumaric,  395 
hydrophthalic,  382 
hydroprehnitic,  406 
hydropyromellitic,  405 
hydrcworbic,  272 
hydroterepbthalic,  381 
hydurilic,  245 
hyocholic,  488 
hyoglycocholic,  488 
hyotanrocholic,  4^ 
hyoscinic,  484 
hypogaeic,  270  ' 
indigosulphuric,  427 
indigotindisulphonic,  427 
indiffotinsulphonic,  426 
iodobenzoic  364 
a  iodopropiouic,  210 
^         M        „      259 
isatic,  428 

isatindisulphonic.  427 
isatropic,  395 
isethionic,  191 
isobutyric,  157 
isocaproiC;  167 
iaocyanuric,  149 
isoheptylic,  169  * 
isohydromellitic,  405 
iaohvdropyromellitic,  405 
isophthalic,  381 
i8opinic,475 
isopropyl-^ulphurio,  151 
isopurpuric,  336 
isosuccinic,  222 
isotoluic,  378 
itaconic,  238 
itamalic,  240 
itatartaric,  238 
jalapinolic,  465 
kinic,  873 
kinotannic,  464 
kynurenic,  490 
hictic,  208 
lactonic,  2S7 
lauric,  174 
lecanoric,  380 
leucio,  235 
leuconic,  70  ' 
levocamphoric,  806 
levotartaric,  228 
linoleic,  272 
lithofellic,  488 
lithuric,  490 
maleic,  225 
malic,  223 
molonio,  214 
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Acid,  mandolic,  384 
mannitic,  2S0 
mannylsulphuhc,  279 
margaric,  174 
meconio,  283 
molilotic,  396 
melissic,  174 
mellitic,  403 
mcllophanio,  406 
mesaconic,  238 
mesadibromopyrotartaric, 

240 
mcsamonochloropyrotar- 

taric,  240 
mesitylenesulphonic,  3S7 
meaitylcnic,  383 
mesoxalic,  243 
metanitrobenzoic,  364 
metanitrocmnamic,  393 
metaphcnolsulphonic,  834 
metatartaric,  226 
metbacrylic,  269 
methcnedisulphonic,  199 
metbinetrisulphouio,  103 
metbionic,  139 
metbylcrotonic,  269 
metbyldiacetic,  139 
methyl -isopropylacctic, 

167 
metb}  1-lecanoric,  380 
methylmalonic,  222 
metbyloxybenzoic,  870 
motbylpbosphinic,  97 
metbylsalicylic,  369 
motbylsucciuic,  232 
methylsulpbocarbonic, 

94 
metbylsulpbonic,  199 
methylsulpburic,  02 
moniodacetic,  147 
monobromacctic,  146 
monobromisocrotonio,23i) 
monobromoleic,  270 
monobroraoi?iiccinic,  222 
monochloracetic,  144 
monochlorocitramalic.240 
monocblorocrotonic,  268 
monochloropyrotartario, 

240 
monocbloroquartenic,  268 
monoxyahtluraquinoue  - 

sulphonic,  448 
moritannic,  464 
mucic,  280 
muconic,  281 
mycomelic,  242 
myristic,  174 
myronio,  459 
naphthalenebicarboniCy 

439 
naphtbaleneearboiiic,  438 
naphthalenesulphonicy 

434 
naphthalic,  437 
naphthoic,  438 
naph thy]  formic,  438 
naphth^lpurpuric,  436 
nicotimc,  47!2 
nitranisic,  371 
nitrocimiamic,  893 


Acid,  nitrococcussic,  462 
nitrocumic,  401 
nitrolactic,  211 
nitrosalicylic,  370 
nitrotartaric,  227 
nonylic,  170 
octylic,  169 
oenanthylic,  168 
oleic,  270 
opianic,  475 
opinio,  475 
orsellinic,  379 
ortbonitrobenzoic,  364 
orthotoluic,  378 
oxacetic,  196 
oxalic,  201 

oxalohydroxamic,  205 
oxaluric,  247 
oxamic,  205 
oxanilic,  324 
oxatoluic,  383 
oxybenzoic,  370 
a  oxybutyric,  216 
fi         n  217 

oxycamphoronic,  306 
oxycbohc,  489 
oxycumic,  401 
oxyisobutyiic,  218 
oxyisopropyl-phe^iylfor- 

niic,  401 
oxymalonic,  228 
oxymesitylenic,  388 
oxjTnethyl-phenylformic, 

370 
oxyphenic,  342 
oxy  phenyl-amid  opropion  - 

ic,  395 
u  oxy  propionic,  208 
oxysalicylic,  372 
oxvvalerianic,  231 
palmitic,  174 
palmitolic,  270 
palmitoxylic,  270 
parabanic,  247  . 
paracumaric,  396 
paradiphony  Icarbonic,  425 
paralactic,  213 
paramalic,  198 
paranitrobenzoic,  365 
paranitrocinnamic,  393 
paranitropheuy-propio-  ' 

nic,  390 
pai'a -oxybenzoic,  371 
paraphenoUulphonic, 

334 
paraphenylbenzoic,  425 
paratoliiic,  377 
paraxylic,  389 
pelargonic,  170 
pentyiic,  160 
phenan  threnesulphonic. 

441 
phenolsulpbonic,  333 
phcnoldisulphonic,  884 
pheoylacetic,  383 
phenylacrylic,  392 
phenylangelic,  403 
phenylbenzoic,  442 
phenylbromolactic,  894 
phenylchlorolactic,  894 


Acid,  phenyldibromopropi- 
onic,  393 
phenylformic,  359 
phenylglycollic,  384 
phenyl-lactic,  394 
phenylparalactic,  894 
phenylphosphoric,  338 
phenylpropiolic,  393 
phenylpropionic,  390 
phloretic,  395 
phthalic,  S81 
physetoleic,  270 
picramic,  337 
picric,  335 
picrocj^amic,  336 
pimanc,  308 
pimelic,  236 
pinic,  308 
piperic,  481 
piperonic,  482 
prehnitic,  406 
propionic,  150 
protocatechuic,  372 
prussic,  50 
pseudo-uric,  244 
purpuric,  245 
pyrocomenic,  284 
pyrogallic,  343 
pyroligneous,  137 
pyromellitic,  405 
a  pyromucic,  281 
^  „  282 

pyroraccmic,  2^30 
pyrotartaric,  232 
pyroterebic,  270 
pyruvic,  230 
quartenic,  268 
quercimeric,  461 
quercotanniCj  4645 
quinic,  373 
quinotannic,  464 
racemic,  228 
rhodizonic,  69 
ricinelaXdic,  272 
ricinoleic,  272 
rocellic,  237 
rosolic,  411 
ruberj-thric,  462 
rubianic,  462 
nifi^Ilic,  453 
saccnaric,  280 
saHcylic,  368 
sarcolactic,  213 
sebacic,  236 
silicocopropionic,  132 
sinapic,  482 
sorbic,  272 
stearic^  174 
stearolic,  271 
stearoxylic,  271 
styphnic,  343 
suberic,  236 
suberomaUc,  236 
Buberotartaric,  286 
succinamic,  221 
succinic,  218 
sulphacetic,  198 
sulphanilic,  326 
sulphobenzoic,  367 
■ulphocarbamic,  69 


SOS 

Add,  ■ulphocarboiuD,  6i 
suliihocyiLTiic,  69 
sulphop»uda-uric,  i^ 
milpbopiirjiiiric  437 
siiliiliosuciciTiic,  221 
sylric.  aiJS 
tuinlc,  403 
Urtuic,  £28 

inactiTO,  32S 
tartrelic,  336 
t^rtroniiL'.  iiii 
tarlropbtlmlic.  400 

terflbenlio,  300 
Wrebic,  ■2S6 
tenspbthaiic.  S81 
Utrahydroiihthiilio,  V& 


thiocetia,  142 
tbymotio,  103 
^iffUo,  270 


Aosculotiu,  461 
Alnuiaa,  212 
Albumin,  492 
Albumino'id'i,  IDI 

AlcaraiaB,  93 
Alcobol  niJi™l™,72,  7S 
iij-ft,i,  175 


AldBlijiiu,'l31 
A  Idehy  ile-uu  m  aiiii 
Aidebydes,  80 
Aldflhvdiiie,  ISS 
Alimnn,  *4S 
Alkali-bluB,  41" 
Alknloldc,  470 
AJUiiloin.  iti 
Ailoiiin,  243 


Amygdo 
Aaiyfac. 


1.  162 


tifflio,  : 
toluio. 


triamidobeiuois,  372 
tribromaostic,  147 
tricarballyUo,  233 
trichloracetic,  145 

triablorolncttc,  213 
tricbloro j>h«  uolmnUc,  S4i> 
trihydrocurboiylic,  89 
trimBlIiCio,  406 

tiimstbylooetic,  164 


ohiorido,  262 


■64 


tHDiybonmi' 
tropic,  394 
umbaliic,  397 
uramidobeiiB 


xylio. 


1,117 


xylid^ic,  3S9 
Acid«,  fatty,  80 
•olid,  172 
isaorylic,  286 
isolactio,  182 
series,  CnHi„_sCk  183 
neries,  Cn  Hi.O^  17S 

Mriso,  CnHjn-tO,.   265 

Achilir     ■"- 


hydnwulphido,  268 

iodide,  232 

meroaptan,  263 

oxide,  262 

Bulpbldo,  263 

eulphoearbnoiido,  2S4 

sulpboc^rMioidc,  263 
AUylamine.  264 
Allyt-beoiane.  391 
Allylane,  276 
AllylpheDol,  391 
Allyphenol-melbyl  etbor,  S! 
Aloin,  486 
Aluminium  Bcetate,  1S7 

mollit«t«,  104 
AluminiTmi-etbyl,  130 


Aiiiido  .icilhi-aiuiuone,  147 
Anii'l.j-nz..b«n!Biia.  331 
Amido-aionnpbthalenc,  183 
Amidobeoxane,  321 
Amidobeazanitrile,  3£8 
Amida-oompouodg,  3n9 
AmIdo-iBoiylene,  376 
AniidomaloDyl-unn,  246 
Amidoinesitylone,  SSi 
AmidODBpbtbidano,  133 
AniidoiihenoLi,  337 
Amid,-iibbrog1udn,  344 


A  thill. 


i.4^r 


Acrid'ino/ilii" 

Acrol  dicliloride,  2it6 
Aoroloin,  Sas 
Acrolein-Bamonla.aSO 
AoryWdoliydo,  265 


Amines,  77 
Ammellde,  61 
Ammelino,  61 


.,  349 


cilcohol,  primary,  li 

torttay.l'ai 
Amyl  bromide,  161 
chloride,  161 
bydride  161 


nitnitQ,  161 

nitrite,  161 

oxide,  161 

valerate,  163 
Amylamine,  162 
Amyl-benieuo,  102 
Amylene,  231 

dibromide,  231 

aiyvoi,  2ai 

hydnito,  161 
Amyl-toluene,  103 
Amylum,  292 
Analyais,  optical,  12 

ultimate,  15 
Anethol,  391 
Angilic  aldehyde,  269 
Anhydridce,  81 
Anilidet,  3SS 
Aniline,  321 

h^drocbloride,  322 


Aniliue-btne,  110 
Aniline-coloura,  407 
Aniline-groen,  110 
AiulIaB-Dnuijn,  351 
ADitiDO-purple,  107 
Aitiline-red.  IDS 
Aoiline-riolet,  110 
Anilina-yeUow,  331 
AiiiMil,332 
AniHyl  aleobol,  SH 

atdehyds,  371 

ebloride,  371 
AdoI,  881 
Antbracene,  443 

dichlondo,  111 
AuthrachiTBone,  162 
Anthmhyrlroquinone,  116 
AnCbm&avine,  160 
Anthrapurpurin,  4S2 
AnthiwiuiiioDe,  145 
Autiarin,  166 
Apomarpbine,  173 
Applfl-Dn,  163 
Anbiu,  201 


cyanatc,  68 
cyanide.  K 
deoxalate, 
rormate,  105 


Arsondiathyl,  liB 
ArwndimethTl,  98 

dibrida,  98 

onido,  &8 
Ar^onmonomcthyl,  9S 
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Arsenmonomethyl  chloride,  99 

oxide,  99 
Asparagin,  224 
Athamantin,  485 
Atropine,  483 
Aurin,  411 

Azelaic  aldehyde,  271 
Azobenzene,  327 

dibromide,  328 
Azo-compounds,  311 
Azoconydrine,  470 
Azodinaphthyl-red,  433 
Azodiphenyl-blue,  408 
Azoxybenzeuo,  328 


B. 

Barium  ohryzammate,  451 

deoxalate,  240 

kynurenate,  496 

mellitate,  404 

platinocyanide,  56 
Bebeerine,  4ol 
Bees-wax.  174 
BeDzaldehyde,  358 
Benzamide,  362 
Benzapinacoue,  424 
Benzene,  317 

hexabromide,  345 

hexachloride,  345 

sulphoxide,  321 

trichlorhydrin,  345 
Benzenesulphonamide,  320 
Benzenesulphonic  chloride, 

320 
Benzhydrol,  418 
Benzidine,  415 
Benzil,  421 
Benzoin,  420 
Benzol,  317 
Benzonitrile,  357 
Benzophenone,  418 
Benzoyl-acetyl  oxide,  362 

anhydride.  361 

chloride,  361 

dioxide,  361 

fluoride,  861 

oxide,  361 
Benzovl-piperidine,  481 
Benzyl  aoetate.  354 

alcohol,  354 

bromide,  854 

oarbimide,  355 

chloride,  354 

cinnamate,  393 

cyanate,  855 

disulphide,  355 

hydrosulphide,  855 

iodide,  854 

isocyanurate.  355 

mercaptan,  855 

mustutl-oil,  356 

sulphide,  855 

sulphooarbimide,  856 
Benzylamine,  855 
Benzyl-anizol,  417 
Benzyl-bensene,  417 
Benzylene  diohloride,  858 


Benzylcnediamine,  359 
Benzyl-ethyl-benzone,  419 
Benzyl-methyl  ketone,  390 
Benzyl-oxy benzene,  417 
Benzyl-phenol,  417 
Benzylphenyl-methyl  ether, 

417 
Benzylphosphine,  356 
Benzyl-rosaniline.  410 
Benzyl- toluene,  418 
Benzyl-urea,  356 
Berborine,  480 
Betnine,  196 
Beta-orcin,  376 
Bilifuscin,  489 
Bilihumin,  490 
Biliprasin,  490 
Bilirubin,  489 
Biliverdin,  489 
Bismuthethyl  dichloride,  127 
Biuret,  66 
Bixin,  414 
Blood-fibrin,  493 
Bor-othyl,  127 
Bor-diethyl  chloride,  127 
Bomeene,  304 
Borneo-camphor,  304 
Borneol,  304 
Boron-methyl,  99 
BrasUin,  413 
Bromal,  147 
Bromoform,  101 
Bromotoluenes,  348 
Butalanine,  232 
Butane,  154 
a  Buteno,  215 
^Butene,  216    • 
jButene  dibromido,  215 

chlorhydrate,  215 

glycol,  215 
Butenyl-benzene,  402 
Butine,  276 

Butyl  acetate,  secondary,  156 
tertiary,  158 

alcohol  normal,  154 

secondary,  156 
tertiary,  157 

chloride,  155 

iodide,  normal,  155 

secondary,  156 
tertiary,  158 

sulphocarbimide,  155 
Butylamine,  155 

tertiary,  159 
Butylene,  215 
Butyraldehyde,  156 


C. 

Cacodyl,  98 

oxide,  98 
Cacoteline,  477 
Caerolignone,  417 
Caffeidine,  252 
Caffeine,  251 
Caincetin,  4G6 
CaJCncingenin,  4C6 
CaKncin,  466 
Calcium  acetylglycoUato,  19S 


Calcium  butyrate,  155 

camphorate,  306 

citrate,  237 

^lycollate,  197 

wobutyrato,  157, 

lactate,  206 

malate,  223 

oxalate,  203 

quinate,  374 

tartrate,  227 
Oamphilene,  300 
Campholene,  303 
Camphor,  303 

dibromido,  304 

nitrate,  804 
Camphoric  anhydride,  806 
Camphyl  acetate,  304 

alcohol,  304 

chloride,  304 
Camphyl-methyl  ether,  304 
Cano'su^ar,  285 
Cantharidin, 
Caoutchene,  303 
Caoutchouc,  302 
Caramel,  286 
Carbamide,  65 
Carbamines,  78 
Carbanil,  824 
Carbanilamide,  823 
Carbanilide,  323 
Carbazol,  415 
Carbazoline,  416 
Carbimides,  79 
Carbinols,  86 
Carbo-hydrates,  284 
Carbon  dioxide,  68 

disulphide,  68 

monoxide,  62 

oxychloride,  64 

oxysulphide,  Q& 

tertrabromide,  107 

tertrachloride,  101 
Carbonates,  64 
Carbon-compounds,  boiling 
point,  37 

classification,  47 

colour,  44,  456 

solubility,  44 

melting  point,  37 

odour,  44 

optical  properties,  40 

physical  properties,  35 

specific  volume,  35 

taste,  44 
Carbonyl  chloride,  64 

8uli>hide,  68 
Carbonyl-compounds,  62 
Carbonyl-disul^hodiethyl,  120 
Carbopyrrolamide,  282 
Carbotrinhenyltriamine,  325 
Carboxyl,  82 
Carbyl  sulphate,  191 
Carmine,  462 
Carmin-red,  462 
Camine,  249 
Carotin, 
Catechin,  464 
Catechu,  464 
Carthamine,  418 
Casein,  492 


Cowin  v«geUble,  lf>2 

Cellulose,  295 

CeruiD,  294 

Corabrin,  467 

Cerotens,  234 ' 

Cei7l  alcohol,  171 
ceratale,  174 

Coteae.  234 

chlorbydrata.  234 
dibjfomida,  234 


Cctj!  ftlM 


I.  in 


INDEX. 

Conine,  470 

ConquiDine.  479 

Convolyiiiin,  465 

OonvolTulinol,  465 

Conj-drina.  4n 

CopiwrncBlato,  138 
aBiiOaoototo,  200 
fiilmiiiitc,  149 
trichloracetate,  145 

I.'oppcr-ethin]i1<beiiiono,  3SG 

(.'oridioB,  457 

Carydaliue,  485 


Chelsr;thrine,  430 


Cro.itini 


Chin. 


1,466 


Chitin,  467 
tTJonil,  146 

hjdmto,  348 
C'lilonuii),  341 
t'hlorobanialiiehydo,  368 
ChJorob«aiyl  aloobot,  357 
Chlorobenzytene  diohloride, 

CUoroccKlidB,  474 
tlilorofortn,  101 
Cblorobydranil,  341 
Cbloropbesol,  338 
(■blorophyll,  486 
tlloropiciio,  102 
OiotBstorin,  4811 
(■holMteryl  nootata,  439 

bBDioAte,  4S9 

chloride,  489 
CholesMrylaiuuie.  489 
Cboleatrop-bsno,  252 
CholiDB,  160 
ChonilHa.  496 
f-'bryaaoiliDe,  411 
ChiTBobydroqoinonc,  463 
CbryaoqiAinone,  455 
Cinchon».r«l,  464 
CiDchoniciDe,  479 
Cincbonidins.  479 
Cincltoninc,  479 
Ciniininaldolwdc,  8K 
Cinnamein,  ^3 
t-ionyl  alcohol,  391 

chloride,  392 

cinnnmBtfl.  392 

iodide,  392 
Cianytaniino.  392 
C'irculiU- pplBriaition,  45 
Citrene,  301 
Coal-tar,  458 
ColAlt  cyanide,  52 
Cooalne,  483 
CocdDin,  462 
Codnmmc,  474 
Codeine,  474 
Coeruloin,  413 


CoUo-lion.  29S 
Colombio;  486 
Cblopbony,  307 
Coofirlutiu,  492 
CoDtlerin,  496 


1,250 


Creosote,  352 
Creul,  351 

Cresol-mothyl  ether,  351 
Crooin,  469 
trolonaldohvdo,  287 
[:rotoiioh.loral,  268 

hydrate.  26B 
" '-^'b,  263 


Cratenylene,  278 
CiTptidino,  469 
CryptoyiBie,  478 
Camonc  uibydride,  393 
Cumarin,  398 
Cumenc,  390 
Cumidino,  401 
Cuminald'ehyde,  401 
Cummol,  401 
Cupric  acetate,  13S 
Ciiproao-ethonyl  cb1orids,273 

oiide,  273 
Curarine,  477 
Curoomin.,  486 
Cyclamiu,  468 
C^clamiretiQ,  466 
C^Dtunide,  60 
^anaDtlide,  824 
Cyanaalline,  326 
(^natea,  57 
CyanetholJD,  119 
Cyanides,  61 
C^nobsnaene,  325 
Cyanogen  bromide,  67 

chloride,  57 

iodide,  57 

■tilpbide,  60 
Cyanogen.oompomida,  48 
Cyauogen-giH,  49 
Cyanuramiilo,  81 
Cytinurio  chloride,  67 
Cymene,  399 
Cymopbeaol,  400 
Cymr'  — '-    "" 


Decenylone,  277 
DeoiybenunQ.  421 
Delpbiuine,  485 
Dextrin,  294 
Dextrose,  2S3 
Diiioetamide.  144 
Diftcetin,  26S 
JJini^etyl-aliiariii,  450 
Diacntyl-anUiraSaTin,  450 
Diacetyl-autbrapurpurin,  452 
Dijillylene.  277 
Diailjd,  276 
Diallyl  carbamide,  264 

etbsr,  263 
DiaUuraiiude,  S44 
Siamido-antliraqaiiKine,  4(7 
DiamidobenlBDeii,  327 
Diamidodipbeny!,  416 
DbLOiidohyilraiobcuiene,  3S 
Diamidomesitvleuo.  387 
Diamidonaphtbalone,  433 
DimidciphBiiol,  837 
Diamidotoluane,  360 
Diamyl,  170 
Diamyl  etber,  ISl 
Diamylene,  281 
I>ia!>taiio,497 

Diuu-amidobemene.  330 
Diiixo-anthraquinono,  447 
Diaaobenzene  aiyentoiid^v 


hydroxide,  330 

nitrute.  33" 

potassoiide,  330 

autpliate,  330 
IXaio-conipoundi,  311 
Diatophenol  vhloride,  337 
MajsoTBSorein,  343 
DiaaoreaoruSa,  $43 
tHbeniyl.  419 
Diboniyl  othor,  354 
DibeniylnmiDe   356 
DibenEylphoaphiDe,  366 
Dibeniyl-uraa,  356 
DihrotDaniline,  336 
Dibromo-antbraceDO,  444 
Dibronio-BnthraqulDODe,  446 
Dibromobenaeno,  319 
Dibromodipbenyl,  416 
Dibromodiu-oae,  396 
Dibramo-igoxjileae,  375 
DiliromomeutytenB,  387 
Dibrocoomathyltoluene.  371 
DibromonaphtboleDe,  433 
Dibronionitro-DcetouitriU, 


]4» 


1,401 

chloiids,  401 


),  441 


Bibromopieoul,  339 
Dihromopropyl  alcohol.  3U 
DibromopyreDe.  455 
Dibromopseudocumene,  Ut 
I>ibromot(iluciie.  348 
Dibutyryl-pbloroalueio,  344 
"Diootyl  other,  171 
Dichlornniliiie,  325 
Dichlontntbmcene,  444 
Dicblonuitbrajiiiiiioiie,  44( 
TOctinWftam,  ia4, 19S 


DJohlarethTlaniiDe,  ISl 

DidJorhydrin,  255 
DicUoriiatiD,  427 
DichlorobaDwne,  319 
Diohloroheniyl  cJcchnl,  357 
Dichlonglycide,  2£g 
DiGHorohydroquinone,  341 
Diohloromannite,  279 
DichlorDmathiHie,  101 

DiEhioroQftphtolo ,  .,. 

Kchloronuphtholiydroqi 


Dichloronoiphtbyi 
431 


432 


1  glycol, 

iMchlorophenol,  33S 
Diohloropropyl  lUwbol,  261 
Diehloroquinone,  341 
Dicyuuuuide,  01 
Bicymiogon,  49 
Diethens  elyco!,  1S5 
IHethaneiUamiDe,  193 
Diethyl,  164 
Diethyl  earbsmido,  123 

ethenate.  187 

ether,  109 

KlyoollAte,  197 

Bulphocarbnmicle,  123 
DiothylAiaine,  122 
Dietbylanilini?,  S22 
Diethyl-beniene,  399 
Diathyl-beniyUno,  403 
Diethylhydrin,  257 
DiethylphoBpbtnB,  124 
Dietbyleulphaiie,  128 
Digoranyl  ether,  305 
OiKitaiin,  4fl6 
DiBit«lreUa,  466 
Di£ydn>-uithnu!*ine,  44* 
DihydronaphthnJone,  431 
Dihydroiyl-oiaceide.  205 
Di-iodometlune.  102 
Di-iodonitro-otatonilrile,  14B 
Di-iipropyl,  167 
Dimesityl-metliuie,  423 
Dimathyl,  72 
Dimethyl  corbtnol,  151 

ether,  93 

ketone,  152 
Kmetbylacetol,  195 
Dimethylajnine,  BS 
Dimethyl-authiaceaa,  4&3 
IMmethyl-benieiiea,  374 
Dimethyl-butyl-methano,  IfiA 
KtuMhyl-dietbylmetbane,  1 68 
Dimethyl-etbene,  215 
Dimelbyl-etliyl-Deinene,  399 
Dinietbyl-ethjl-methane.  181 
Dimathil-bopropyl  corbmol, 


Dimethyl- 
DinietliylpluMphine,  97 
Dimathyl-propyl  carUnol,  1S7 
IHiiiethyl-[irDpT]-methai^l66 

IHiuphthyl,  439 
DiOBidithyl  ketoDo,  410 


INDEX. 

Ihnitro-jtcetonitrile,  149 
Hinitro-fttoi.iopbenoJ,  337 
DiDitrD-amidotoliiene,  351 
Diaitro-anlhrHcene,  445 
Dinitro-uitliraquiDane,  447 
Dinitrobeniene,  320 
DinitrocreBol,  351 
Dimtrodiphenyl,  415 
Uinitrodurene,  39S 
Knitrobydnwobemone,  323 
Dmitroh^dnniiinoDc,  340 
Dinitro-ieoxylena,  37fl 
Dinitromesityiene,  387 
Dinitnim  ethyl  toluene,  375 
DinltronaphUuleDe,  i32 
Diaitroaapbthol,  435 
Dmitropbenuithreue,  441 
Ui  mtropbeabn  thif:  De-quui- 

one,  441 
Dinitrnphenol,  835 
DinitropseuJocninotie,  38  ^ 
Dinitropyrene.  455 
DinitroitiibpDa,  420 
DiDitrololiiene,849 
DioiethylaiBlDa,  IM 
Dioxindul,  128 
IKoiyinthraquinones,  148 
Diuybanuines,  339 
DioxydipheDjI,  410 
Dioiymethene,  10  J 
DioiynnphUwIene,  435 
nioiynnphtboquinoDe,  436 
DioxyreaiatoDO,  lu6 
Diuxytoluenes,  352 
Dipalniitio,  2SB 
Diphthalyl,  423 
DipheuiDB,  328 
Dipbenyl,  414 
Dipbenyl  carbinoi.  418 

other,  333 

ketone,  413 
DipbeDylamJne,  322 
Diphenylaniline,  323 
Dipheayl-iietiioite,  424 
Diphenyl-dlcarbimido,  321 
Diphenyl-diGhlorelhcne,  422 
Diphenyl-dichloromo  thime , 

/ai 

DijibeDyl-dietbeoe,  123 
Ulphcnyleao  ketone,  U2 

oxide,  416 
Dipbenyl-etbano,  419 
Diphen^l-othene,  119 
Dlphenyl-ethine,  122 
Diphenyl-guanidine,  324 
Kphenyl-Dietluiiie,  117 
Diphenxl-rotmilhiB,  116 
Diphenyl-tricblorotbDne,  421 
Diphenyl-urea,  323 
Dipropfna,  277 
Kpyndine,  468 
Ditocml,  266' 
Dimcirl-iwin,  266 
Diapohne,  169 
Diatillation,  destruotiTB,  157 

dry,  467 

firmctloiul,  46 
Dlatyrolene,  3S1 
DiniJphydnn,  256- 
Diterobeno,  300 


Ditolyl,  IIP 
Dilolylatnine,  377 

Dmpoie,  296 
Dulcitaji,  279 
Diilcite,  27S 
Durene,  398 
Dutch  liquid,  185 


Kbonlto,  309 
EcgoDiiie,  183 
E(fu;-«lbuiDiii,  192 
LTutin,  195 
fmelioe,  431 
EmuUin,  498 
Epichlorhydriii,  26.'> 


Exerine,  183 

Ethane,  133 

Ethane,  184 

alcohol,  187 
iiraeQie-ha«e«,  104 
cblorhydrato,  18K 
chlorbyilriiie,  JM8 
tbioriiviide,  If7 
cbliirynitrato.  VM 
dmtclfllo,  137 
dibroniide,  180 
dichlorida  186 
dihydroaiilpbide,  19S 
rii-iodiiio,  isa 

'lioiide,  1R9 

glycol,  1S7 

bydroiulphide,  192 

iedohydnto,  188 

mercapten,  192 

mouscetate,  187 

uitnts,  191 

nUrile,  191 

uLtrogen-ba«s.  103 

oiido,  IBS 

phoBphonifthmiea,  191 

•ulphida,  163 

mlphocyuuite.  193 
Etheaediamine.  1S3 
Ethene-diphonyl  eUier.  333 


torniii:,  tril^sic,  118 
oenanthic,  171 
Ethor»,  Mmjfflun,!,  76,81* 


£thidmie,W 
diacetate,  196 
dichloridtf,  195 

Ethine,  271 . 
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EthiDe-naphtbalenc,  43$ 
Ethinyl-beuKene,  3S5 
Ethyl  aceUte,  138 

acetone-carbouato,  139 

acetyl-glycollate,  198 

acotvl-malato,  224 

alcohol,  107 

acrylato,  267 

allojphanate,  120 

antimouy-bases,  120 

arsenate,  116 

arsenic-bases,  125 

arseuite,  116  , 

benzoate,  361 

bismuth-bases,  126 

borate,  116 

bromide,  109 

butyrate,  156 

caprylate,  170 

carbamate,  117 

carbamine,  118 

carbanilate,  324 

carbimide,  119 

carbonate,  116 

chloride,  109 

chlorocarbonate,  118 

chlorofonuAto,  118 

cinnamate,  393 

citrate,  238 

cyanate,  119 

cyanide,  118 

deoxalate,  240 

dicarbothionate,  118 

diacetone-carbonato,  140 

diphenylallophanate,  324 

diHulphide,  128 

ethacetone-carbonate,  140 

ethenate,  187 

formate,  118 

gallate,  373 

glycoUate,  199 

nydroselenide,  128 

hydrosulphate,  113 

hydroBulphide,  127 

iodide,  109 

lactate,  210 

malate,  224 

mellitate,  404 

moniodacotate,  147 

mouobromacetate,  147 

raonoohloracetate,  145 

mustard-oil,  120 

nitrate,  112 

nitrite,  112 

nitroffen-bases,  121 

nitrolactate,  211 

octvlate,  169 

orthocarbonato,  117 

orthoformato,  118 

orthosilicopropionato  132 

oxalate,  203 

oxalurate,  247 

oxamate,  205 

oxide,  109 

perchlorate,  113 

phosphate,  115 

phosphite,  115 

phosphorus-bases,  123 

picr&te,  336 

pyrophosphate,  115 


Ethyl  seltaiide,  128 

silicate,  116 

succinate,  220 

sulphate,  113 

sulphide,  128; 

sulphite,  114 

sulphocarbonate,  117 

sulphocarbimide,  120 

sulphocyanate,  120 

sulphoxide,  12i8 

tartrate,  227 

telluride,  129 

terephtlialate,  381 

xanUiato,  118 
Ethyl-aoetamide,  143 
Ethyl-allyl  ether,  263 
Ethylamidobenzene,  382 
Ethylamine,  121 
Ethyl-amyl,  168 
Ethyl-amyl  ether,  161 
Ethylaniline,  322 
Ethyl-benzene,  382 
Ethyl-cacodyl,  126 
Ethyl-camphor,  303 
Ethyl-carbamide,  122  ' 
Ethyl-dimethyl  cai-binol,  164 
Ethyldisulphocarbonyl   disul- 

phide,  117 
Etnylformamide,  119 
Etbylhydrin,  257 
Ethyl-isobutyl,  167 
Ethyl-isoxylene,  399 
Ethyl-methyl  carbinol,  156 
Ethyl-methyl  ketone,  156 
Ethyl-methvl-benzene,  389 
Ethyl-mononromallyl  other, 

263 
Ethyl-monobromobenzene, 

382 
Ethyl-monochlorallyl  ether, 

263 
Ethyl-mononitrobenzene,  382 
Ethyl-naphthalene,  437 
Ethyl-oxalyl  chloride.  204 
Ethyl-oxybenzene,  882 
Ethyl-phenol,  382 
Ethyl-phenyl  ether,  332 
Ethylphosphine,  123 
Ethyl-pyrrol,  283 
Ethyl-selenium  chloride,  129 

oxide,  129 
Ethyl-sulphocarbamide,  123 
Ethyl-tellurium  chloride,  129 

oxide,  129 
Ethyl-ureas,  122 
Ethyl  vinyl,  216 
Ettidine,  469 
Eucalin,  292 
Eucalyptene,  305 
Eucalyptol,  305 
Euchrone,  404 
Eugonol,  391 
Euxanthone,  414 
Excretin,  490 

F. 

Fermentation,  297 


Fermentation,  mucic,  298 

vinoua,  297         » 
Ferments,  497 
Ferric  oxolate,  203 
Ferricyanides,  53 
Ferrocyaoides,  53 
Ferrous  lactate,  209 

oxalate,  203 
Fibrin,  493 

vegetable,  493 
Fibroto,  496 
Flavin,  461 
Fluoresoin,  412 
Formaldehyde,  103 
Formamide,  106 
Formanilide,  323 
FormulBB,  constitutional,  29 

empirical,  29 

molecular,  25 

rational,  29 
Fraxetin,  465 
Fraxin,  465 
Frangulin,  462 
Fuchsine,  408 
Fucusol,  282 
Fulminates,  148 
Furfuramide.  282 
Furfurine,  282 
Furfurol,  282 
Furfuryl  alcohol,  282 


G. 

Galactose,  292 
Gallein,  412 
Gelatm,  495 
Gentianin,  414 
Geraniene,  305 
Geraniol,  305 
Geranyl  alcohol,  305 

chloride,  305 

sulphide,  305 
Gliadin,  493 
Globulin,  493 
Glucosan,  289 
Glucose,  288 
Glucosides,  459 
Glue,  vegetable,  493     , 
Gluten,  493 
Glycerin,  253 
Glycocine,  199 
Glycocol,  199 
Glucodrupose^  296 
Glycogen,  295 
Glycoiiamide,  199 
GlycoUic  anhydiido,  198 
GlycoUide,  198 
GlycoUyl  chloride,  197 
Glycollyldiamide,  200 
Glycollyl-urea,  248 
Glycols,  179 
Glycolurile,  248 
Glycyrretin,  466 
Glycyrrhioin,  466 
Glyoxal,  206 
Gold  eyanides,  53 
Grape-sugar,  288 
Guaiacene,  286 
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Guanidino,  103 
Guanine,  249 
Gum  arable,  294 
British,  294 
Senegal,  294 
tragacanth,  294 
Gun-cotton,  295 
Gutta-percha,  303 


H. 

Haemin ,  495 

Hacmatein,  413 

Haemaglobin,  493 

Haematin,  494 

Haematoxylin,  413 

Haemin,  495 

Harmaline.  434 

Harmine,  484 

Helenin,  487 

Helicin,  460 

Helleborein,  465 

Helleboreain,  465 

Helleboretin.  465 

Helleborin.  465 

Heptane,  168 

Heptene,  234 

Heptyl  alcohol,  primary,  168 

secondfljn^,  168 
Heptylene,  1^4 
Heveene,  303 
Hexacctyl-amylum,  293 
Hexacetyl-dextrin,  294 
Hexachloretbane,  134 
Hexachlorobenzene,  819 
Hezachloroquinhydrone.  341 
Hexahydroanthracene,  444 
Hexahydromeeitylene,  887 
Hexahydropyrene,  454 
Hexane,  165 
Hexene,  233 
Hexene  glycol,  233 
Hexethylethenediamine  di« 

iodide,  193 
Hexine,  276 

Hexoxyanthraquinone,  453, 
Hexoxvdiphenyl,  417 
Hexoylene,  27o 
Hexyl  acetote,  166 

alcohol,  primary,  165 
secondary,  166 
tertiary,  167 

ether,  secondary,  166 

hydride,  165j 

iodide,  165 
Hexylene,  233 
Horaiann  gum,  410 
Hofmann's  violet,  410 
Homologous  series,  8 
Homop3rrocatechin,  352 
Honey-stone,  403 
Hydantoin,  248 
Hydracetamide,  135 
Hydrasobensene.  328 
Hydrazulmin,  243 
Hydrasulmoxin,  248 
Hydrides,  72 
Hydroben£amide,  359 
HydrobenEoin,  420 


llydroberberiu,  481 
Hydrobilinibin,  489 
Hydrocaerolignono,  417 
HyJrocarbazol,  416 
Hydrocarotin,  483 
Hydrochrysamide,  451 
Hydro-indigotin,  426 
Hydro-isatin,  428 
Hydrophlorone,  376 
Hydroquinoue,  340 
Hydroquinone-phthalein,  412 
Hydroxyl-carbamido,  67 
Hyoscine,  484 
Hyoscyamine,  483 
Hypoxanthin,  249 


I. 


Idrialene,  456 
Idrialite,  456 
Idriaquinone,  456 
Imidodiphenyl,  415 
Indian -yellow,  414 
India-rubber,  302 
Indican,  462 
Indigo,  425 
Indigo-bluo,  425 
Indigo-carmine,  427 
Indigo-extract,  427 
Indigo-white,  426 
Indol,  428 
Indophane,  437 
Inosite,  292 
Intestinal  fluid,  498 
Inulin,  295 
lodanilino,  326 
Iodoform,  102 
lodotoluenes,  348 
Iridoline,  468 
Iron-liquor,  138 
Isatin.  427 
Isatvde,  428 
Isothionic  chloride,  192 
Iso-amylamine,  164 
Iso-amylene,  231 
Iso-anthracene,  443 
Iso-anthraquinone,  446 
Isobutene,  l58,  215 

chlorhydrate,  159 

dibromide,  216    * 

glycol,  216 
Isobutyl  alcohol,  157 

iodide,  157 
Isobutylamino,  157 
Isobutyl-benxene,  402 
Isobutyronitrile,  152 
Isocapronitrile,  162 
Isocholesterin,  489 
Isodinaphthyl,  440 
Isodulcite,  280  ^ 
Isoheptyl  alcohol,  169 
Isohexene  alcohol,  277 

diacetate,  277 

oxide,  277 
Isohexine,  276 
Isohexine  dichlordihydrote, 
276 

tetrabromide,  276 

tetranitrite,  276 


Isuhoxiue  tetriodide,  276 
Isohoxyl  alcohol,  167 
Isoline,  469 
Isomerism,- 32 
Isonitranthracene,  445 
Isophorone,  286 
Isopropene,  303 
Isopropvl  alcohol,  151 

carbamine,  152 

ether,  151 

iodide,  151 
Isopropyl-amidobenzeno,  401 
Isopropylamine,  152 
Isopropyl-benzene,  390 
Isopropyl-ethone,  231 
Isosulphocyanates,  60 
Isotoluylene  glycol,  420  . 
Isoxylene,  375 
Isoxylenol,  37(J 
IsTiretine,  67 
Ivato,  487 
Iraol,  487 


J. 

Jalapin,  465 
Jalapinol,  465 
Japan-camphor,  303 
Jerrine ,  4o0 
Juice,  gastric,  498 


Ketones,  ^ 
Keratrin,  495 
Kino,  464 
Kynurino,  490 


L. 

Lactamide,  212 

Lactic  anhydride,  211 

Laotide,  212 

Lactyl  acetate,  211 
chloride,  210 
nitrate,  211 

Lantho^ine,  476 

Laudanme,  475 

Laudanosine,  475 

Laserol,  486 

Laserpitin,  486 

Lead  acetate,  1^8 
acrylate,  267 
chnrsammate,  451 
mafate,  224 
thiaoetate,  142 
trichloracetate,  145 
xanthate,  117 

Lead-tetrethyl,  131 

Lead-triethvf.  182 

Lecithine,  25d 

Legumin,  492 

Lepidine^  469 

Leucanilme,  411 

Leucaurin,  412 

Leucine,  ^ 

LeucolinA^  4^ 


LeTObamsol,  308 
IdTulooan,  291 
Levulose,  290 
Lignin,  295 
IJinoH,  296 

litmui,  353 
Lophine,  359 
LutiiliDo,  467 
Ljcine,  «5 


MaduriD,  461 
Hagenla,  408 
Matcnenum  platinocyaniilc, 


Mnnnvl  chloronilrnlc, 
.iithlorhyJmlo,  -2] 
beiBcetst«,  Z7U 


Ueetmine,  474 

Helamine,  61 

Helampf  rin,  27» 

MeUniUno.  3-^1 

Melene,  234 

Ifelin,  462 

MeUtow,  2SS 

MaUiitow,  2S6 

Ueltiinide,  404 

MelUte,  4D3 

MeUilic  cUonde,  404 

UsDapbtliylamlno,  437 

Uenliipeniiiiui,  485 

Ueathene,  305 

Mentbol.  305 

UeDtbjl  atcohal   SOS 

tXenftnthia,  tea 

HeD)nuitb(i],  466 

Herosptsn,  127 

Uercaptidca.  127 

Hercitrio  clilorethido,  130 
cyaoiila,  E3 
ethide,  130 
fulminBts,  118 
iodethide,  130 
methide,  100 
Diercaptide.  121 
(ulplutethido,  131 
■ulphocyanate,  BP 

H*rcurotu  Eonuato,  ]  06 

HBrcury-Hcfltamide,  143 

Meroufy-ftlljl  i»iida,  263 

Moronry-diethyl,  ISO 

Mmoury^lituiplithyl,  J37 

HerciUT-dipheiiyl.  314 

Me^tyl  oiiilo.  153 

Htn^leDi,  380 
JfeaoxAl^I-urea.  243 
JfoCacctoue,  286 


INDEX. 

Metact«BOl,  351 

MeUcrolein,  266 
HeUdiuuidobeniene,  327    . 
MetadibromoboTiEenOi  319 
MeU-indnpIunio],  33>J 


Motaatvroleac.  331 

Methane,  100 
Mathens  diohbride,  IM 

di-iodide,  102 
';i[ethyl  ueUto,  134 

alcohol,  90 

•Idetyde,  108 

lienKMto,  361 
bromide,  92 
carbamine,  93 
carbimide ,  91 
chloride,  91 
chloroearbonate,  106 
cblorofornute,  108 
ritrate,  238 

formate)  106 
hydride,  100 

nitrate,  92 

lulrogea-bBsee,  91 

oxal&te,  203 

oxide,  93 

phosphitniii-baMi,  96 

nilioylate,  369 

siilphnte,  62 

eulphocirbimido,  94 

■ulpbooyaiMls,  91 

terepbtbslate,  331 
Metbylftl.  195 
Methyl-nli»rin,  450 
MethyluniDo,  65 
Mechyl-antyl  carbinol,  169 
Methylanitiae,  322 
Methyl'bei»en«.  315 
Mathylbcrrine.  -99 
Hetl^-butyl  oarbinol,  160 
Methyl-butyl  Icatone,  160 
Hathyl-cunphor,  303 
Methylchlontcatol,  208 
MalhylcorJiie,  171 
Melhyl-dietbyt  Darbino!,  167 
Metbyl-dietbyl-etboue,  169 
MethyUthyl  ether,  111 
Molhjl-athyl-aoctal,  195 
Methyi-ethyl-ethene,  231 


MeUiyl-i»propyl  BarWnol,  16S 
Metbyl-ltopropyl-bensenB,  399 
Uetbyl-moQouitrophonyl    ke- 

Methyl-monibine,  474 
Mothyl-naphthalenc,  437 
Matbyl-nonyl  carbinol,  171 
MotbjI-nonyl  IcBtonc,   IT' 
MBthyl.nomaooting,  4T4 
Mertis\j«it»nOV3\«nM\  al 


Metbyl-peutjl  ketone,  168 

Metbyl-pbenvl  cnrlilriol,  383 
Dlothyl-pbanyl  atber,  332 
Metbyl-phenyl  ketone,  383 
Melhyl-phettyliuiiline,  323 
Hethylpha«phinu.  9G 
Methyl-propyl  carbinol,  16D 
Motbyl-propyl  ketone,  160 
SlBlby1-propyl-beni>enB,  399 
]LloCbylrv8Uiiline.  409 
Mftbyl-salicyWdabyda,  368 
Hetbyllbeobramine.  351 
Melhyl-tolaene,  37S 
Uilk-augar,  297 
HtroiwetiD,  25S 
MoDiodobeniiene.  819 
MoniudaDapbtbalene,  433 
Maniodapbenol.  ^9 
Moniibromacetylene,  275 
MonobTDmnllyl  fioaUto.  2S1 

idcahol,  ^1 

obloride,  262 
Moni-romaniline,  325 
Moiiobrome^vl-trimotbyl. 


UonDbromomethjl  tolii 


Monobromobeniane,  319 
Monobromncampbor,  304 
Monobromodipbcnyl,  415 
Motiobromo-imbutene.  216 
M'mobromo-isoxjleno,  S7S 
...  -"  SS7 


376 

MouDbromonapbtbnlene.  <m 
Monobromophsuanthrane,  141 
Monobramophonol.  339 
HouabramoprnpeDo  oxide,25(l 
Monobromopwiud  ociimoie, 

337 
HonochlDnuetamide.  115 
MonoohlorBcetj-l  chloride.  145 
Hanacblorallyl  milphaoarU- 

mide,  294 
Monocblorantbracene.  444 
Monocblordinitrin,  257 
Honooblorethyl  oxida,  III 
MoBOoblorethotie,  IBS 
UonoDblorbTdrin,  254 
MaQoohlarobeiuene,  310 
M  oriOcldoroheBio-  "■ 
Mod  ochloroHunpl. 

Monoohlorijdreqi ,  „.. 

Monocbloro-iBtuylene,  875 
MDnoablonnneattyleno,  386 
Motiochloronapbthnlene,  432 
MonachlaroQHiphthol,  435 
Monochloropropcne,  208 
Honocblora^uinoue,  341 
Monochloronlicon-eUtyl,  132 
MonocblDrotaluenes.  346 
ManofluabeDi«ue,  319 
HmiDronnin,  2.^1 
Mononitro-anthnujainonc  4(6 
Mononitromeditylene,  387' 
MmonitronaphtWono,  433 
MoaonitronHphtbol,  4^ 
MoQonitrophsiumthrene,  441 
Mononitrophenoi .  335 
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Mononitroresorcin,  343 
Monopalmitin,  258 
Monosulphydrin,  256 
Monoxetnylamine,  190 
Monoxanthraquinono,  448 
Monoxybenzene,  331 
MoDOxydipbenyl,  416 
Morin,  464 
Morphine,  473 

acetate,  473 

hydrochloride,  473 

sulphate,  473 
Moschatin,  487 
Mucilage,  294 
Mucin,  495 
Munjistin,  451 
Murexide,  245 
Muscle-fibrin,  493 
Mustard-oils,  94 
Mycose,  288 
Myosin,  493 
Myricyl  alcohol,  174 

palmitate,  174 
Myro3in,498 

N. 

Naphthalene,  429 

dichlorhvdrate,  431 
dichloridc,  431 
tetrachloride,  431 
tetrahydroxide,  431 
Naphthazarin,  436 
Naphthene  alcohol,  431 
Naphthohydroquinone,  436 
Naphthol,  434 
Naphthonitrile,  438 
Naphthoquinone.  435 
Naphthydrene,  431 
Naphthylamine,  433 
Naphthyl-ethyl  ether,  434 
Naphthyl-phenyl  ketone, 
Naphthyl-pheuylamino,  433 
Naphthyl-phenyl-methano, 

439 
Narceine,  476 
Narcotine,  474 
Neurine,  190 

Neutralization,  [>artial,  172 
Nicholson's  blue,  410 
Nickel  cyanide,  52 
Nicotine,  471 
Night-blue,  410 
Nitriles,  79 
Nitro-acetonitrilo,  148 
Nitro-amidotoluenes,  350 
Nitro-anthracene,  445 
Nitrobenzaldehyde,  358 
Nitrobenzene,  320 
Nitrobenzonitrile,  358 
Nitrobonzyl  alcohol,  357 
Nitrobenzyl  hydro3ulphide, 

357 
Nitrochloroform,  102 
Nitrochrysene,  455 
Nitro-compounds,  399 
Nitrooryptopine,  476 
Nitrodiamidotoluene,  351 
Nitroorythrite,  278 


Nitroethaue,  113 
Nitroforra,  102 
Nitroglycerin,  257 
Nitro-isoxylene,  375 
Nitromalonyl-urea,  246 
Nitromannite,  278 
Nitropapaverine,  475 
Nitrophloroglucin,  344 
Nitroprussides,  56 
Nitropyrene,  454 
Nitrosodiethyline,  122 
Nitrosomalonyl-urea,  246 
Njrtrostyrolene,  385 
Nitrotoluenes,  348 
Nitrotolylene  dicbloride,  378 
Nitrotrichloromothane,  102 
Nomarcotine,  474 


0. 


Octane,  169 
Octene,  234 

Octohydrophenanthrene,  441 
Octyl  alcohol,  normal,  169 

secondary,  176 

chloride,  169 

secondary,  170 

iodide,  169 

secondary,  170 
Octyleno,  234 
Oenanthaldehyde,  168 
Oenanthidene  chloride,  234 
Oenanthol,  168 
Oenanthylidene,  277 
Oil  of  bergamot,  302 

bitter  almonds,  358 

cassia,  392 

cinnamon,  392 

cloves,  391 

cumin,  399 

lemon,  301 

mustard,  263 

orange-peel,  302 

patohouli,  305 

ptychotis,  399 

rue,  171 

scurvy -grass,  155 

thyme,  399 

tuq)ontine,  299 

water-hemlock,  399 

winter-green,  368 
Olefiant-ga**.  184 
Olefines,  175,  179 
Ononetin,  4G6 
Ononin,  466 
Orcein,  353 
Orcin,  352 
Orcoselin,  486 
OreoseloD,  486 
Orthoamidophenol,  337 
Orthochloro|>henol,  338 
Orthocresol,  351 
Orthodiamidobenzene,  327 
Orthodiazophenol  chloride,837 
Orthodibromobenzone,  319 
Ortho-iodophenol,  339 
Orthonitraniline,  326 
Orthotoluonitrile,  378 
Orthotoluylamide,  378 


Orthoxylene,  376 
Oxalaldehyde,  206 
Oxalyl-urea,  247 
Oxamethane,  205 
Oxamide,  204 
OxaniUde,  824 
Oxatyl,  82 
Oxindol,  428 
Oxyacanthine,  481 
Oxyanthracene,  445 
Oxyanthraquinones,  448 
Oxybenzenes,  831 
Oxybenzyl  alcohol,  367 
Oxybenzylene  dicbloride,  868 
Oxycinchonine,  479 
Oxychloronaphthoquinone, 

436 
Oxycholine,  190 
Oxycymene,  400 
Oxymorphine,  474 
Oxynaphthalene,  434 
Oxypentaldine,  185 
Oxyphenylethylamine,  396 
Oxyquinone,  458 
Oxytetraldine,  135 
Oxytoluenes,  351 
Oxytrialdine^  135 
Ozocerite,  76 


P. 


Palmitaldehvde,  172 
Pancreatic  fluid,  498 
Papaverine,  475 
Parabromaniline,  326 
Parachloraniline,  826 
ParacoDine,  471 
Paracresol,  351 
Paradiamidobenzene,  327 
Paradibromobenzene,  319 
Paraffins,  70 
Paraformaldehyde,  103 
Para-iodaniHne,  3:^ 
Para-iodophenol,  339 
Paraldehyde,  136 
Parame.  61 
Paramiae,  404 
Paranitraniline,  826 
Parauitrobcnzyl  alcohol,  857 
Paranthracene,  448 
Paranthrac^uinone,  446 
Paratoluonitrile,  877 
Parchment-paper,  295 
Paricine,  480 
Parvoline,  467 
Patchoulene,  805 
Patchouli-camphor,  305 
PatchouU-oil,  305 
Paytino,  480 
Pear-oil,  162 
Pentachlorobenzcne,  319 
Pentachlorophenol,  388 
Pentahirollne,  469 
Pen  tone,  159 
Pentene,  231 
Pentonitrile,  160 
Pentyl  alcohol,  primary,  160 

seconda^,  160 
Pepsin,  498 
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Pcrchlorethyl  oxidp,  112 
Perchloromethyl  formate,  106 
Perchloronaphthaleno,  482 
Perchlorophenol,  338 
Perchloropbcnylono  oxide,  333 
Peucedanin,  4o6 
Phenanthrene,  440 
dibromide,  441 
Phenanthrene-hydroquinone, 

442 
Phenanthrone-<iuinono,  441 
Pheuetol,  332 
Phenol,  common,  331 
Phenol-colours,  411 
Pheuol-phthalein,  412 
Phenols,  810 
Phenoquinone,  341 
Phenoeo,  346 
Phenyl  acoUte,  333 
alcohol,  381 
ciirbamine,  325 
carbimide,  324 
carbonate,  833 
dicyanate,  324 
disulphide,  384 
mustard-oil,  324 
sulph^drate,  383 
sulphide,  334^ 
sulphocarbimido,  324 
Phenylacotonitrile,  388 
Phenylallyl  alcohol,  391 
Pheny  1-amidonaphthalene,  * 

433 
Phenylamine,  822 
PhenylaniUne,  322 
Phonylbenzyl  carbinol,  421 

ketone,  421 
Phenyl-butene,  402 
Phenylene-brown,  331 
Phenylethonyl-methyl  ketone, 

402 
Phenyleihyl-mcthyl  ketone, 

402 
Phenyl-glycolyl  acetate,  384 
alcohol,  384 
chloride,  884 
Phenyl-propene,  391 
Phenylpropyl  alcohol,  390 
Phenyl-rosaniline,  410 
Phenyl-tolyl-methane,  418 
Phenyl-urea,  823 
Phenyl-urethane,  824 
Phloramine,  844 
Phloretin,461 
Phloriain,  461 
PhlorogAicin,  344 
Phlorol,  382 
Phlorone,  376 
Phorone,  306 
Phoegene-gas,  64 
Phosphenyl  chloride,  321 
Phosphorus  tricyanide.  61 
Phthalic  anhydride,  881 
Physostigmine,  483 
Picoline,  468 
Picramide,  836 
Picroerythrite,  380 
Picrotoxin,  487 
Picryl  chloride,  336 
Pinipicrin,  465 


Pinite,  280 
Piperidine.  481 
Piperin,  481 
Piperonaldehyde,  482 
Piperonyl  alcohol,  482 
Platinocyanides,  56 
Plumbic  chlorotriethide,  182 
Plumbic  othide.181 
PolychroXte,  466 
Polycthene  glvools,  189 
Polymerism,  85 
Populin,  460 
Potassium  acetate,  137 
croconate,  69 
cj'anate,  57 
cyanide,  51 
dichloracetate,  145 
ethylcarbonate,  116 
ethylsulphite,  114 
ferricyanide^  55 
ferrocyanide,  53 
isosulphocyanate,  60 
oxalate,  202 
picrate,  385 
purpurate,  245 
sodium  tartrate,  227 
sulphocvanate,  59 
tartrate',  226 
Precipitation,  fractional,  173 
Propane,  151 
Propargyl  alcohol,  276 
Propene,  206 

Propene  alcohol,  primary,  203 
chlorhydrate,  207 
dibromide,  207 
dichloride,  207 
glycol,  207 
oxide,  207 
Propenyl  alcohol,  253 
dichlorhydrate,  255 
monochlorhydrate,  254 
nitrate,  257 
tribromide,  256 
trichloride,  255 
Propidene  dichloride,  208 
Propine,  276 
Propinyl  alcohol,  276 
Propinyl  ethyl  ether,  276 
Propion aldehyde.  250 
Propionitrile,  119 
Propyl  alcohol,  primaiy,  150 

secondary,  151 
Propyl-benzene,  390  • 

Propylene,  206 
Proteids,  491 
Protopine,475 
Prussian  blue,  54 
Prussiate  of  potash,  yellow 
53 
red,  55 
Pseudocumene,  387 
Pseudomorphine,  474 
Psoudotoluidine,  349 
PtyaHn,  498 
Purree,  414 
Pyrene,  454 
Pyridine,  467 
Pyrocatechin,  842 
Pyrocatechin-methyl  ether, 
342 


PyrogaUol,  343 
Pyromudc  aldehrde,  282 
Pyroquinone,  355 
Pyrrol,  282 
Pyrrol-red,  283 

Q. 

Quassiin,  487 
Quercetin,  461 
Quercite,  280 
Quercitnn,  461 
Quinhydrono,  340 
Quinamine,  479 
Quinicine,  479 
Qoinidine,  479 
Quinine,  478 

sulphate,  acid,  478 

basic,  478 

normal,  478 
hydrochloride,  basic,  478 
normal,  473 
Quinizarine.  450 
Quinone,  340 


R. 

Radicals,  compound,  12 

dyad,  175 

hexad,  278 

monad,  75 

tetrad,  272 

triad,  252 
Rangoon  tar,  429 
Red  liquor,  137 
Resins,  307 
Resorcin,  842 
Resorcin-phthalein,  412 
Retene,  4^6 
Rhoeamne,  475 
Robinin,  462 
Rochelle  salt,  227 
Rosocyanine,  486 
RubicQne,  467 
Ruficarmin,  462 
Ruficoccin.  462 
Rufiopin.  452 
Runge's  olue,  407 
Rutin,  462 
Rutylene,  277 

S. 

Saccharose,  285 
Safranin,  408 
Salicin,  460 
SaUcylaldehyde.  368 
Salicylamide,  369 
Salicylic  anhydride,  369 
Saligenin,  367 
Saliretin,  368 
Bantalin,  414 
Santonin,  487 
Sapogenin,  465 
Saponin,  465 
Sarcine,  249 
Sarcosine,  200 
Scammonin,  465 


INDEX, 


511 


Scoparin,  464 

Selenium  mcrcaptau,  128 

Sericin,  497 

Serine,  259 

Serum-albumin,  492 

Silico-acetic  anhydride,  142 

Silicoheptyl  alcohol,  133 

chloride,  133 

ether,  133 

oxide,  133 
Silicondiethyl  ether,  133 
Siliconmon6thyltrichloride,132 
Silicononyl-compounds,  132 
SiUcontriethyl  chloride,  133 

hydroxide,  133 
Silk.gelatin,  497 
Silver  acetate,  138 

amidacetate,  200 

citrate,  238 

cyanide,  52 

deoxalate,  240 

formate,  106 

fulminate,  148 

mellitate,  404 

valerate,  163 
Silver-acetamide,  143 
Silvor-ethinyl-bensene,  385 
Silver-Buccinimide,  221 
Silver-propinyl,  296 
Sinapine,  482 
Sinapoline,  264 
Sinnamine,  264 
Soap,  172 
Sodium  acetate,  137 

cyanide,  52 

ethide,  130 

ethenate,  187 

ethylate,  108 

methide,  100 

nitropnisside,  56 

oxalate,  203 

silicoheptylcarbonate,  133 
Sodium-ethmvl-benzene,  385 
Solanidine,  485 
Solanino,  484 
Sorbin,  292 
Spongin,  497 
Stannic  ethide,  131 

oxethide,  131 

pheuyl-triethide.  345 
Stannoso-stanic  ethid«,  131 
Stannous  ethide,  131 
Starch,  292 
Stibethyl,  125 

chloride,  125 

oxide,  126 
Stilbene,  419 
Stilbene  glycol,  420 
Stilbyl  alcohol,  421 
Strychnine,  476 
Styracin,  393 
Styrax,  liquid,  384 
Styrolene,  384 

dibromide,  385 

dichloride,  384 

di-iodide,  385 
Styrolyl  alcohol,  382 

secondanr,  384 

bensoate,  382 

bromide,  382 


Styrolyl  chloride,  382 
Stvrolyl-ethyl  ether,  383 
Suberic  aldehyde,  270 
Substitution,  11 
inverse,  70 
Succinamide,  221 
Succinic  anhydride,  220 
Succinimide,  221 
Succinonitrile,  219 
Succinyl  chloride,  221 
Sugar  of  lead,  138 
Sugar,  inverted,  286 
Sulphobenzaldehyde,  359 
Sulphobenzide,  ^1 
Sulphocarbamide,  69 
Sulphocarbanilide,  324 
Sulphocarbimides,  60, 80 
Sulphocarbonates,  68 
Sulphocarbonyl  chloride,  69 
Sulphocyanates,  59,  80 
Sulphur-urea,  69 
Synanthrose,  287 
Synaptase,  498 
Syntonin,  493 


T. 

Tannin,  463 
Tatronyl-urea,  244 
Tartar  emetic,  227 
Tartaric  anhydrid<v226 
Tartarus  boratus,  227 
Taurine,  192 
Terebene,  300 
Terephthalonitrile,  381 
Tcrpene  dibromide,  300 

dihydrochloride,  800 

monohvdrochloride,  300 
Terpenes,  298 
Terpin,  299 
Terpinol,  300 

Tetrabromanthraceno,  445 
Tetrabromomethane,  101 
Tetrabromophenol,  339 
Tetracbloranthracene,  444 
Tetrachlorethyl  oxide,  112 
Tetrachlorisatm,  427 
Tetrachlorobenzene,  819 
Totrachlorohydroquinono,  841 
Tetrachlorom  ethane.  101 
Tetrachlorophenol,  388 
Tetrachloroquinone,  841 
Tetrachloroterpene,  800 
Tetrahiroline,  461 
Tetrahydronaphthalene,  431 
Tetrahydrophenanthrene,  441 
Tetrallylammonium  iodide, 

264 
Tetramethyl-alloxantin,  252 
Tetramethylammonium  hy- 
droxide, 96 

iodide,  96 
Tetramethylarsonium  hyrox- 
ide,  98 

iodide,  98 
Tetramethyl-benzene,  398 
Tetramethyl-ethane,  167 
Tetramethyl-hexane,  170 
Tetramothyl-methane,  164 


Totramethylphosphonium  hy- 
droxide, 97 

iodide,  97 
Tetranitrochiyitene,  455 
Tetranitromethane,  102 
Tetranitronaphthalene,  433 
Tetranitropyrene,  455 
Totraphenol,  282 
Tetraphenyl-ethene,  424 

glycol,  424 
Tetretheneammonium  dibro- 
mide, 194 
Tetrethylammonium  hydrox- 
ide,  122 

iodide,  122 
Tetrethylarsonium  hydi-oxide, 

iodide,  126 
Tetrethylphosphonium  hy- 
droxide, 125 

iodide,  125 
Tetrethylstibonium  hydrox- 
ide, 126 

hydroxide,  126 
Tetroxethylamine,  190 
Tetroxyanthraquinones,  452 
Tetroxytetraphenyl-ethene, 

424 
ThebaSne,  475 
Thebenine,  475 
Theine,  251 
Theobromine,  251 
Thiacetic  anhydride,  192 
Thio-acids,  81 
Thio-aniUne,  327 
Thiocymene,  400 
Thiophenol,  333 
Thiosinnamine,  264 
Th3rmohydroquinone,  400 
Thymol,  400 
Thymoquinono,  400 
Tin-diethyl,  131 
Tin-tetrethyl,  181 
Tin-triethyl,  131 
Titanium  nitrocyanide^  58 
Tolane,  422 
Toluene,  345 
Toluidine,  349 
Toluylene,  419 

flycol,  420 
,    alcohol,  877 

chloride,  877 

mustard-oil,  356 
Tolylamine,  377 
Tolylene  diacetate.  379 

dibromide,  378 

dichloride,  378 

di-iodide,  379 

glycol,  378 

monooenzoate,  379 
Telylene-monethyl  ether,  ^9 
Tolyl-phenyl  ketone,  418 
Trehalose,  288 
Triacetamide.  144 
Triaoetin,  258 
Triacetyl-phlorogludn,  344 
Triacetyl-pyrogiJlol,  344 
Triamido-axobencene,  881 
IViamidobenicDe,  827 
Tribenzylamine,  355 


cotyl-u 


*,B17 


Trihrombydrin,  258 
TribromoiuMitylonB,  387 
SHbRMiiomethaiit!,  101 
iSibramophfoaDthrene,  141 
Trihron.ophouc.1,  839 
Tribramopltlaraglucin,  341 
Trijjromopyrene.  355 
Tribniraopyrupallol,  341 
Tributyrin,  2S3 
TricapriE,  -iii 
Tricnpronin,  253 
Tricaprylm,  25S 
Trice  ty  famine.  171 
TrioUomcstaldsbyilo  HO 
Trichloracetonitrilo,  lU 
Tricliloraoelyl  cUorLdo,  145 
Tiichloruiiliiie,  3*25 
Triohlorathane,  134 
Triohlorhydrin,  355 
Triohtorabeniene,  in9 
TriohloKorotDiiiMehyile,  268 
TriebloronjBsitylouo,  38S 
Triohloromethnno,  101 
Triobloroptaaul.  SSS 
TrichloToguinoiu),  3J1 
Trichlnrotohiqiunono,  553 


■K._  ■     ,:L^alc,H2 

Trielbjlnumu^,  1^2 
TriethjUu-iine,  125 
Trietbylbiemuthine,  136 
Tri«thylboriiw,  127 
Triothyl-carbamide,  123 
Triotbyleiauiiiline,  123 
TriBlhylbydriQ,  il57 
TriBthyl-metliano,  168 
Triethylphtny  bmiacitii  ii  m 


hydro: 


1b,  S22 


oudB  125 

BDlpbide.  125 
Triotbjfl-rosonilinB,  410 
TriaUiylatibioe,  I2S 
TriethyLffilpliinB,  12S 
Tri-iodometbiiaa,  102 
TrimBtbenB  dibromide,  207 
Trimsthyl  au-binol  157 


INDEX. 

Trimatbylhonienos,  3S6 
Trimethyloarbylanuoa,  158 
Tiimothyl- ethyl-methane,  197 
Trimstbv  IglyDerBinni  ooiiim 

clilaride.  255 
Trimothyl-raothano,  168 
TrimethylphospbiDe,  67 
Trimathyl-roBaniline,  409 
Trinitrin,  257 
Trinitro-aoetcmitrile,  149 
TriDitro-UDidobenzeiie,  833 
TriaitrocblarabenieDB,  33ti 
TriiiitiwreBol.SSI 
Trluitro-iuuytcQe,  376 
TriDiCrometbane,  102 
TriDitromethyl-tolUBDB,  375 
Trinitroaaphtlialaae,  432 
Trlnitropbena-I,  335 
Triaitropseud  ocumsno,  3S8 
Trinitroresonrin,  343 
TriuitratoluBDSB,  S49 
Trioloia,  270 
Triaxethyluniiie,  190 
Trionndol,  428 
IVioxyanthraquincme*,  15! 
TrioiybenzenBa   313 
TripalmitiD,  258 
Triphenyl  phonpliate,  333 
Tripbanylaaiina,  323 
Tripboayl-beazeiie,  425 
Tripheiiyl-gBAQidinB,  325 
Tripbenyl-metiiime,  423 
Tripben^l-rcwanilinB,  110 


Tristeuin,  b.)^ 
Trisiilphvdrin,  256 
Tritolylamme,  3?7 
Tropjne,  133 
Tunidu,  296 
Tiiracin,  487 
Turkay-red,  149 
TurQbull'B  blue.  51 
TurpeQtiao-Dil,  290 

bydmte.  299 
Tiirpethio,  4f!5 
Tyrosine,  3115 


Umbelliferon,  397 
UramflB,  214 
UratBB,  242 
Urea,  65 


Valeraldobyda,  183 
Valoryleno,  276 
Vnlidme,  169 
Vapour-da  osity,  21 
Veratrine,  180 
Varotrol,  398 
Verdi^,  138 
Viotona-yoUow,  351 
Vinemr,  136 
Vinyl  alcohid,  276 
Vin<liDB,  467 
ViteUiD,  193 
Vulcanite,  302 


6^e<e,174 
toasil,  75 
Wood-lar,  453 


Xylenol,  376 


Xyloldin,  293 
Xylol,  371 
XyloqaiDooe,  376 
Xylyl  chlorids,  377 


DC  oTMude,  52 
sthidB,  129 
fulminate,  148 
lactate,  209 
methide,  99 
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